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(54) FRONT PANEL BOARD FOR PLASMA DISPLAY 



(57) A front panel for a plasma display panel com- 
prising at least one transparent resin plate and a con- 
ductive mesh placed on the transparent resin plate, in 
which a part of the conductive mesh is exposed on the 
plate in a sheet form on at least one side of the marginal 
surface of the front panel, is provided. The front panel 
may have uneven patterns on at least one side of sur- 
faces of the front panel, and may further comprise an 
intermediate synthetic resin plate between the conduc- 
tive mesh and the transparent resin plate, and also may 
comprise a decorative portion between the Intermediate 
synthetic resin plate and the transparent resin plate. In 
addition, the front panel may comprise a conductive 
film, which is in contact with the conductive mesh in a 
sheet form on at least one side of the marginal surface 
of the front panel. Such a front panel for a plasma dis- 
play panel can stably exhibit high electromagnetic 
wave-shielding properties, and the visibility of the 
screen of the plasma display panel is good. 
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Description 



FIELD OF THE INVENTION 



5 [0001] The present invention relates to a front panel for a plasma display panel, which is attached to the front face of 
a plasma display panel and effectively shields electromagnetic waves generated by the plasma display panel. 

BACKGROUND OF THE INVENTION 

10 [0002] Various computer displays used in office automation instruments and factory automation instruments, and dis- 
plays of game machines and TVs radiate electromagnetic waves, and the influence of such electromagnetic waves on 
other equipment may cause problems. 

[0003] Recently, plasma display panels (hereinafter referred to as "PDP**) attract attentions as large-size display 
devices. However, electromagnetic waves generated by PDP often affect surroundings, for example, a FM broadcast 
15 picks up noise. 

[0004] To shield such electromagnetic waves and avoid such affection, various methcxJs have been proposed, for 
example, a method wherein a filter for a display is utilized, which comprises a plastic substrate and a conductive film 
such as an indium oxide-tin oxide film formed on the surface of the substrate (JP-B-7-19551), a method wherein a dis- 
play is covered with a fiber mesh made of polyester fiber metalized with nickel thereon, and a method wherein a filter is 
20 utilized, which comprises laminated glass plates and fine metal wires interposed between the plates, and the like. 

[0005] However, a filter for a display having a conductive film such as an indium oxide-tin oxide film has a low per- 
formance of shielding electromagnetic waves and cannot effectively shield the electromagnetic waves. Thus, such a fil- 
ter does not exhibit sufficient shielding properties against displays which generate intense electromagnetic waves such 
as FDR 

25 [0006] In the method wherein a display is covered with a mesh made of polyester fiber metalized with nickel thereon, 
dusts tend to be trapped with the mesh, and thus the screen of the display becomes indistinct for users. 
[0007] When a filter comprising laminated glass plates and fine metal wires interposed between them is used, the 
visibility of a screen can be fairly improved, but it Is very difficult to ground It. since the fine metal wires are interposed 
between the glass plates. Therefore, the electromagnetic wave-shielding properties cannot be maintained at a sufficient 

30 level for a long time. 

SUMMARY OF THE INVENTION 

[0008] In view of such circumstances, the present inventors made extensive researches on front panels having elec- 
35 tromagnetic wave-shielding properties, and have found that a front panel for a plasma display plate, which comprises a 
transparent resin plate and a conductive mesh placed thereon wherein a part of the conductive mesh is exposed in a 
sheet form on at least one side of the periphery of the front panel, can surely be grounded, stably exhibits high electro- 
magnetic wave-sNelding properties, and makes the screen of the display sufficiently visible. Thus, the present invention 
has been completed. 

40 [0009] According to the first aspect, the present invention provides a front panel for a plasma display panel comprising 
at least one transparent resin plate and a conductive mesh placed on said transparent resin plate, in which a part of the 
conductive mesh is exposed on the plate in a sheet form on at least one side of the marginal surface of the front panel. 
[001 0] According to the second aspect, the present invention provides a front panel for a plasma display panel accord- 
ing to the first aspect, in which uneven patterns (asperity) are formed on at least one side of surfaces of the front panel. 

45 [001 1] According to the third aspect, the present invention provides a front panel for a plasma display panel according 
to the first aspect, which further comprises an intermediate synthetic resin plate placed between the transparent resin 
plate and the conductive mesh, and a decorative portion provided between the intermediate synthetic resin plate and 
the transparent resin plate. 

[001 2] According to the fourth aspect, the present invention provides a front panel for a plasma display panel accord- 
so ing to the first aspect, which further comprises a conductive film, a part of which is in contact with the conductive mesh 
in a sheet form on at least one side of the marginal surface of the front panel. 

[001 3] According to the fifth aspect, the present invention provides a front panel for a plasma display panel according 
to the first aspect, in which the transparent resin plate has properties of shielding near-infrared rays. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

5 Frg. 1-a is an arrangement drawing showing the structure of a front panel for a plasma display panel produced in 

Example 1-a. 

Fig. 2-a is an arrangement drawing showing the structure of a front panel produced in Comparative Example 1 -a. 
Fig. 1-b shows a layer arrangement in the course of heat press processing in Example 1-b. 
Fig. 2'b is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 
10 in Example 1-b. 

Fig. 3-b shows a layer arrangement in the course of heat press processing in Example 2-b. 

Fig. 4-b is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 

in Example 2-b. 

Fig. 5-b shows a layer arrangement in the course of heat press processing in Example 3-b. 
75 Fig. 6-b Is a cross sectional view showing the laye* structure of a front panel for a plasma display panel produced 
in Example 3-b. 

Fig. 7-b shows a layer arrangement in the course of heat press processing in Example 4-b. 

Fig. 8-b is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 

in Example 4-b. 

20 Fig. 9-b shows a layer arrangement in the course of heat press processing in Example 5-b. 

Fig. 10-b is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 
in Example 5-b. 

Fig. 1 -c shows a layer arrangement in the course of heat press processing in Example 1 -c. 
Fig. 2-c Is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 
25 In Example 1-c. 

Fig. 3-c shows a layer arrangement in the course of heat press processing in Example 2-c. 

Fig. 4-c is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 

In Example 2-c. 

Fig. 5-c shows a layer arrangement in the course of heat press processing in Example 3-c. 
30 Fig. 6-c Is a cross sectional view showing the layer structure of a front panel for a plasma display panel produced 
in Example 3-c. 

Fig. 7-c shows a layer arrangement in the course of heat press processing in Comparative Example 1-c. 
Fig. 8-c Is a cross sectional view showing the layer structure of a front panel produced in Comparative Example 1-c. 
Fig. 1-d is a top view showing the arrangement of a transparent resin plate and a conductive film In the present 
35 invention. 

Fig. 2-d is a top view showing another arrangement of a transparent resin plate and a conductive film in the present 
invention. 

Fig. 3-d is a cross sectional view showing a further arrangement of a transparent resin plate and a conductive film 
in the present invention. 

40 Fig. 4-d shows a layer arrangement in the course of heat press processing in Example 1-d. 

Fig. 5-d is a cross sectional view showing the layer structure of a front panel for a plasma display produced in 
Example 1 -d. 

Fig. 6-d is shows a layer arrangement In the course of heat press processing In Example 2-d. 
Fig. 7-d is a cross sectional view showing the layer structure of a front panel for a plasma display produced in 
45 Example 2-d. 

Fig. 8-d is shows a layer arrangement in the course of heat press processing In Example 3-d. 

Fig. 9-d is a cross sectional view showing the layer structure of a front panel for a plasma display produced in 

Example 3-d. 

Fig. 10-d is shows a layer arrangement in the course of heat press processing in Comparative Example 1-d. 
50 Fig. 1 1-d is a cross sectional view showing the layer structure of a front panel produced in Comparative Example 
1-d. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0015] The front panel of the present invention is a front panel for a plasma display panel comprising a transparent 
resin plate and a conductive mesh placed on the transparent resin plate, in which a part of the conductive mesh is 
exposed on the plate in a sheet form on at least one side of the marginal surface of the front panel. 
[001 6] Such a front panel is placed In front of display devices such as CRT (cathode ray tubes). EL (electrolumines- 
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cent) displays, plasma display panels. Preferably, such a front panel is used as a front panel for PDR The size of the 
front panel Is not limited and is suitably selected depending on the screen size of a display device. Also, the thickness 
of the front panel can be suitably selected. 

[001 7] A transparent resin plate used in the present invention may be made of a resin such as acrylic resins, polycar- 
5 bonate resins, polyester resins, cellulose resins (e.g. triacetylcellulose, diacetylcelluose, etc.), styrene resins, vinyl chlo- 
ride resins, etc. 

[0018] Specific examples of such resins include those prepared by polymerizing the following monomers: 

(meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate. propyl (meth)acrylate. butyl (meth)acrylate, 2- 

10 ethylhexyl (meth)acrylate, etc.; 

(meth)acrylates having an alicyclic hydrocarbon group such as bornyl (meth)acrylate, fenchyl (meth)acrylate. 1 - 
menthyl (meth)acrylate, adamantyl (meth)acrylate, dimethyladamantyl (meth)acrylate, cyclohexyl (meth)acrylate, 
isobornyl (meth)acrylate, tricyclo[5.2.1.0^^]decan-8-yl (meth)acrylate, dicyclopentenyl (meth)acrylate. etc.; 
styrenic monomers such as styrene. a-methylstyrene, vinyltoluene, chlorostyrene. bromostyrene, etc.; 

15 unsaturated carboxyllc acids such as acrylic acid, methacrylic acid, maleic add, itaconic acid, etc.; 
acid anhydrides such as maleic anhydride, itaconic anhydride, etc.; 

hydroxyl group-containing monomers such as 2-hydroxyethyl (meth)acrylate. 2-hydroxypropyl (meth)acrylate. tet- 
rahydrofurfuryl {meth)acrylate. monoglycerol (meth)acrylate. etc.; 

nitrogen-containing monomers such as acrylamide, methacrylamide, acrylonitrile. methacrylonitrile, diacetoneacr- 
20 ylamide, dimethylaminoethyl methacrylate, etc., 

epoxy group-containing monomers such as ally! glycidyl ether, glycidyl acrylate, glycidyl methacrylate, etc.; 
alkylene oxide group-containing monomers such as polyethylene glycol monomethacrylate, polypropylene glycol 
monomethacrylate, polyethylene glycol monoallyl ether, etc.; 

other monomers such as vinyl acetate, vinyl chloride, vinyl idene chloride, vinylidene fluoride, ethylene, etc. 

25 

[0019] Further examples of transparent resins Include those prepared by polymerizing the following polyfunctional 
monomers: 

alkyldiol di(meth)acrylates such as ethylene glycol di(meth)acrylate. 1 .4-butanedlol dl{meth)acrylate. neopentyl 
30 glycol di{meth)acrylate, etc.; 

alkylene glycol di(meth)acrylates such as tetraethylene glycol di(meth)acrylate, tetrapropylene glycol diacrylate. 
etc.; 

polyfunctional aromatic conpounds such as divinylbenzene. diallyl phthalate. etc.; 

(meth)acrylates of polyhydric alcohols such as pentaerythritol tetra(meth)acrylate. trimethylolpropane tri(meth)acr- 

35 ylate. etc. 

[0020] Herein, "(meth)acrylate" means acrylate or methacrylate. 

[0021] The transparent resin plates in the present Invention may be made of copolymers comprising two or more of 
the above monomers. 

40 [0022] The transparent resin plates in the present invention are preferably made of acrylic resins or styrene resins 
from the viewpoint of light transmission and the easy availability of monomers. In particular, those made of acrylic resins 
are preferable from the viewpoint of light transmission and weather resistance. 

[0023] A transparent resin plate used in the present invention may be in the form of a plate, a film or a sheet. The 
thickness of the resin plate may be suitably selected, and is usually from 0.01 to 10 mm, preferably from 0.02 to 5 mm. 

45 [0024] In the present invention, a plurality of transparent resin plates may be used. 

[0025] The transparent resin plates in the present invention may contain additives such as light-diffusing agents, col- 
orants, mold-release agents, stabilizers. UV-ray absorbers, antioxidants, anti-static agents, f lame-retardants, etc. 
[0026] When the front panel of the present invention is attached to PDR the transparent resin plate preferably has 
properties of shielding near-infrared rays to prevent disturbances caused by near-infrared rays. In the present invention. 

50 a preferred transparent resin plate having properties of shielding near-infrared rays has the near-infrared rays-shielding 
properties such that a total light transmittance in a visible light wavelength ranging between 450 nm and 650 nm is 50 
% or more, and a light transmittance of 30 % or less in a near-Infrared wavelength ranges between 800 nm and 1000 
nm, when measured with a method of Japanese Industrial Standard (J IS) K 7105A. 

[0027] Examples of the transparent resin plate having near-infrared rays-shielding properties include known resin 
55 plates containing copper compounds, phosphorus compounds, tungsten compounds, etc. in resins (JP-A-62-5190. JP- 
A-6-73197. JP-A-6- 118228 and USP 3,647.729). resIn plates containing copper compounds and phosphorus com- 
pounds, resin plates containing dye type near-infrared absorbers, and the like. 

[0028] One specific example of the resin plate containing a copper compound and a phosphorus compound is a plate 
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made o1 a resin conrposition comprising a copolymer prepared by copolymerizing a monomer having an unsaturated 
double bond and a phosphorus atom-containing monomer, and a conpound containing a copper atom. 
[0029] Examples of such a monomer having an unsaturated double bond include monomers exemplified above. A 
phosphorus atom-containing monomer may be any monomer as long as it has a radically polymerizable unsaturated 
double bond and a phosphorus atom in the molecule thereof, while a compound of the formula (1): 



[CH2=C(X)CO0(Y)^]3.,-P(O)-(OH)n (1 ) 

wherein n is 1 or 2; X is a hydrogen atom or a methyl group; Y is an oxyalkylene group having 2 to 4 carbon atoms; and 
10 m is a number of 8 to 20 on a number average when Y is an oxyalkylene group having 2 carbon atoms, or a number of 
5 to 20 on a number average when Y is an oxyalkylene group having 3 carlx)n atoms, or a number of 4 to 20 on a 
number average when Y is an oxyalkylene group having 4 carbon atoms is preferred, since obtained resin plates have 
high strength and good durability. 

[0030] A propylene oxide group having 3 carbon atoms is preferable as an oxyalkylene group for Y in the formula (1), 
15 since obtained resin plates have low hygroscopicity. 

[0031 ] The total number of carbon atoms in the [CH2=C(X)COO(Y)m] group is preferably at least 20 on a number aver- 
age. When the total number of carbon atoms is not more than 18, obtained resin plates tends to have decreased 
strength or high hygroscopicity. 

[0032] In particular, a phosphorus atom-containing monomer of the formula (1) in which Y is a propylene oxide group 

20 having 3 carbon atoms and m is a number of 6 to 20 is preferably used. 

[0033] The amount to be used of such a phosphorous atom-containing monomer is from 0.1 to 50 wt. %, preferably 
from 0.5 to 30 wt. %, based on the weight of the copolymer of a monomer having an unsaturated double bond and a 
phosphorus atom-containing monomer. When the amount of the phosphorous atom-containing monomer is less than 
0.1 wt. %. good near-infrared rays-shielding properties may not be attained. When the amount of the phosphorous 

25 atom-containing monomer exceeds 50 wt. %, the strength of obtained copolymers unpreferably deteriorates. 
[0034] Two or more phosphorous atom-containing monomers may be used in combination. 

[0035] Copolymers comprising a monomer having an unsaturated double bond and a phosphorus atom-containing 
monomer may be prepared by polymerizing such monomers by a conventional polymerization method such as bulk 
polymerization, suspension polymerization, emulsion polymerization, etc. 

30 [0036] As a compound containing a copper atom, any compound may be used insofar as It contains a copper atom. 
[0037] Examples of the compound containing a copper atom include salts of carboxylic acids with a copper ion such 
as copper acetate, copper formate, copper propionate, copper valerate, copper hexanoate. copper octylate, copper 
decanoate, copper laurate. copper stearate, copper 2-ethylhexanoate. copper naphthenate. copper benzoate. copper 
citrate, etc.; complex salts of acetylacetone or acetoacetic acid with a copper ion; copper chloride; copper pyrophos- 

35 phate; etc. 

[0038] The amount to be used of the compound containing a copper atom is from 0.01 to 30 parts by weight, prefer- 
ably from 0. 1 to 20 parts by weight, based on 1 00 parts by weight of the copolymer of a monomer having an unsaturated 
double bond and a phosphorus atom-containing monomer. 

[0039] The above amounts correspond to about 0.05 to 10 moles of a phosphorus atom-containing compound per 1 

40 mole of a compound containing a copper atom. 

[0040] The above resin composition may be prepared by homogeneously dissolving a compound containing a copper 
atom in the mixture of a monomer having an unsaturated double bond and a phosphorus atom-containing compound, 
or a syrup containing such monomers and a polymer or a copolymer of such monomers, and then polymerizing the mix- 
ture or the syrup to cure it in a cell or a mold to shape it, or by bulk polymerizing the mixture or the syrup. 

45 [0041] The polymerization in the above case can be carried out by any conventional method, for example, polymeri- 
zation in the presence of a known radical polymerization initiator or a redox polymerization initiator comprising a radical 
polymerization Initiator and an accelerator, or polymerization by the irradiation of UV rays or radiation, and the like. 
[0042] Alternatively, any method can be conducted as long as it can polymerize the monomers after homogeneous 
mixing may be employed, for example, a method wherein a compound containing a copper atom is homogeneously 

50 compounded in the granular copolymer of a monomer having an unsaturated double bond and a phosphorus atom-con- 
taining compound by a conventional melting and kneading method, and then polymerizing the mixture. 
[0043] Examples of dye type near-Infrared absorbers which can be added to resin plates are as follows: 
[0044] (1) aminium type near-infrared absorbers such as those disclosed in JP-A-4-1 74402 and JP-A-4-1 60037, (2) 
anthraquinone type near-infrared absorbers such as those disclosed in JP-A-61-115958, JP-A-61 -291651. JP-A-62- 

55 132963 and JP-A-1 -172458 (USP 5,342.974). (3) phthalocyanine or naphthalocyanine type near-infrared absorbers 
such as those disclosed in JP-A-2-138382 (USP 5,024,926). JP-A-3-62878 (USP 5.124.067). JP-A-5-163440 and JP- 
A-6-214113. (4) dithiol complex type near-Infrared absorbers such as those disclosed in JP-A-61 -277903. JP-A-61 - 
57674. JP-A-62-1 58779. JP-A-63- 139303 (USP 4.913,846). JP-A-1-1 14801 and JP-B-4-45547 (USP 4,730.902). (5) 
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polymethine type near-infrared absorbers, pyrylium type near-infrared absorbers, thiopyrylium type near-infrared 
absorbers, squariliun type near-infrared absorbers, chloconium type near-infrared absorbers, azulenium type near- 
infrared absorbers, tetradehydrocholine type near-infrared absorbers, triophenylmethane type near-infrared absorbers, 
diimmonium type near-infrared absorbers, and the like. 

5 [0045] Two or more of the above dye type near-infrared absorbers may be used in combination. 

[0046] Specific but non-limiting examples of the dye type near-infrared absorbers include (1) IR-750. IRG-002, IRG- 
003, IRG-022. IRG-023. IRG-820. CY-2. CY-4, CY-9 and CY-20 (all available from NIPPON KAYAKU CO.. LTD.). (2) PA- 
001, PA-1005, PA-1006. SIR-114. SIR-128. SIR-130 and SIR-159 (all available from MITSUI TOATSU CHEMICALS. 
INC.). (3) IRF-700, IFR-770. IRF-800. IRF-905 and IRF-1170 (all available from Fuji Photo Film Co., Ltd.). (4) EX 

10 COLOR 802K and EX COLOR 803K (both available from NIPPON SHOKUBAI CO.. LTD.). and the like. 

[0047] The amount of the dye type near-infrared absorber to be contained in a resin plate can be adequately adjusted. 
For example, when an acrylic resin plate having a thickness of 3 mm is prepared, the dye type near-infrared absorber 
is contained in an amount of 0.0001 to 0.2 part by weight, preferably 0.001 to 0.1 part by weight, perl 00 parts by weight 
of an acrylic resin. 

75 [0048] A resin plate containing the dye type near-infrared absorber according to the present invention may be pre- 
pared by one of the following methods: 

(1) A method of melting and kneading a dye type near-infrared absorber in a transparent resin and then molding 
the resulting mixture; 

20 (2) A method of dissolving or dispersing a dye type near-infrared absorber in a monomer component which is the 
raw material of a transparent resin, and then polymerizing the monomer; 

(3) A method of forming a resin layer containing a dye type near-infrared absorber on the surface of a transparent 
resin sheet or film by a coating method or the like; 

(4) A method of pasting or placing a sheet or film containing a dye type near-infrared absorber, which is prepared 
25 by one of the methods (1), (2) and (3), on a transparent resin sheet, 

[0049] When the method (1). in which a dye type near-infrared absorber is melted and kneaded in a transparent resin 
and then the mixture is molded, is adopted, the dye type near-infrared absorber is added to the resin in the course of 
the molding of the transparent resin at a temperature suitable for the utilized transparent resin by a conventional method 
30 such as extrusion molding, injection molding or press molding, and thus a transparent substrate containing the dye type 
near-infrared absorber is prepared. 

[0050] When the method (2), in which a dye type near-infrared absorber is dissolved or dispersed in a monomer com- 
ponent which is the raw material of a transparent resin and then the monomer is polymerized, is adopted, the dye type 
near-infrared absorber is dissolved or dispersed in the monomer component as the raw material of the transparent 
35 resin, or a syrup containing the monomer and its polymer, and then the mixture is bulk polymerized and hardened, for 
example, in a cell or a mold to shape it in a desired form. Thus, a transparent substrate containing a dye type near-infra- 
red absort^er is obtained. 

[0051] When the method (3). in which a resin layer containing a dye type near-infrared absorber is formed on the sur- 
face of a transparent resin sheet or film by a coating method or the like, is adopted, a solution dissolving the transparent 
40 resin and the dye type near-infrared absorber in a suitable solvent is applied on the surface of the transparent resin 
sheet or film, and the solvent Is evaporated off to obtain a transparent substrate containing a dye type near-infrared 
absorber. 

[0052] When the method (4), in which a sheet or film containing a dye type near-infrared absorber that is prepared by 
one of the methods (1), (2) and (3) is pasted or placed on a transparent resin sheet, is adopted, the sheet or film con- 
45 taining the dye type near-infrared absorber prepared by one of the methods (1), (2) and (3) is pasted with a suitable 
adhesive, or melted and placed by pressing or the like, on a transparent resin sheet containing no dye type near-infra- 
red absorber. 

[0053] A transparent resin plate used in the present invention may have a hard coat layer on its surface. The kind of 
the hard coat layer is not limited. For example, a UV ray-cured or thermally cured material of a hard coating agent such 

so as acrylic resins, urethane resin, etc. may be used. 

[0054] A front panel for a plasma display panel according to the present invention comprises a conductive mesh 
placed on a transparent resin plate. Examples of such a conductive mesh include metal meshes of copper, stainless 
steel, iron, etc.: metal meshes plated with nickel, chromium, etc. ; synthetic fiber meshes made of synthetic resin fila- 
ments which of the surfaces are plated with nickel, copper, etc.; and the like. The kinds of the synthetic fiber in the syn- 

55 thetic fiber meshes are not limited. Polyester fiber is preferred from the viewpoint of strength, durability, and the 
easiness of etching treatment, which is a pre-treatment prior to plating. 

[0055] The fiber diameter of a conductive mesh used in the present invention is usually from 10 to 60 ^m. Then a 
mesh is too coarse, the effects of shielding electromagnetic waves decrease. When a mesh is too fine, the visibility of 
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images on displays deteriorates. Thus, a mesh size (expressed by the number of mesh cells per one (1 ) inch) is usually 
in a range between 40 and 300. preferably in a range between 60 to 200. The thickness of the mesh is usually In a range 
between 20 and 200 yivn, preferably in a range between 50 and 100 pm. 

[0056] A conductive mesh which of the surfaces are treated in a black or dark color with conductive paints, plating. 
5 dyes or pigments, is preferable, since such a mesh effectively functions to suppress the flicker or glare of Images or pic- 
tures. 

[0057] In the present Invention, a part of a conductive mesh is exposed on a transparent plate in a sheet form on at 
least one side of the marginal surface of the plate. The grounding from such an exposed part of a conductive mesh can 
effectively shield electromagnetic waves. Since the front panel having such an exposed part of a conductive mesh can 
10 be surely grounded, It can be possible to suppress the deterioration of electromagnetic wave-shielding properties 
caused by the insufficient connection of a ground wire due to the swing of the ground wire. Accordingly, stable electro- 
magnetic wave-shielding properties can be maintained for a long time. 

[0058] When a front panel having two transparent resin plates and a conductive mesh placed between the plates is 
desired, for exanrple, a transparent resin plate having a smaller area than that of a conductive mesh is placed on the 
15 conductive mesh to expose a part of the conductive mesh on the plane of the front panel. In this case, the area of the 
other one of the transparent resin plates may be the same as or larger than that of the conductive mesh. Alternatively, 
one of the transparent resin plates may be placed on the conductive mesh with shifting its position from that of the con- 
ductive mesh. 

[0059] A part of a conductive mesh may be exposed on one marginal surface side of a front panel, or on two or more 
20 marginal sur^ce sides of a front panel. Preferably, a conductive mesh Is exposed on all of the four marginal surface 
sides of a front panel. The exposed part of the conductive mesh may be present on the viewing side of the surfaces of 
the front panel, or on the opposite side facing a PDP. 

[0080] The front panel of the present invention can be easily produced by arranging one transparent resin plate, a 
conductive mesh and another transparent resin plate in this order, and heating and pressing them together. A heating 

25 temperature is usually about 110 to 180*C, and a pressing pressure is usually about 10 to 60 kg/cm^. 

[0061 ] A soft transparent thermoplastic film as an adhesive film may be Interposed between a transparent resin plate 
and a conductive mesh, or between a transparent resin plate and other transparent resin plate which may be addition- 
ally placed, and then they are heated and pressed together, to improve the adhesion between them, or to suppress the 
deterioration or deformation of the conductive mesh such as expansion of mesh cells of the conductive mesh when they 

30 are united by heating and pressing, which may cause the decrease of electromagnetic wave-shielding effects. To attain 
an effect of improving the adhesion between a transparent resin plate and a conductive mesh, a transparent resin plate, 
a conductive mesh and an adhesive film may be arranged in this order and processed, while a transparent resin plate, 
an adhesive film and a conductive mesh may be arranged In this order and processed. Alternatively, a transparent resin 
plate, an adhesive film, a conductive mesh and another adhesive film may be arranged in this order and processed. As 

35 the soft transparent thermoplastic film (adhesive film), used is a highly transparent resin film having a low softening 
point. The film may have a VIcat softening point of usually about 40 to 100**C, preferably about 50 to 80**C, when meas- 
ured based on JIS K 7206. Examples of such a resin film include acrylic resin films, vinyl chloride resin films, etc. The 
thickness of the film is usually about 10 to 200 ^m, preferably about 20 to 100 ^m. 

[0062] A front panel for a plasma display panel according to the present invention comprises a transparent resin plate 

40 and a conductive mesh placed on the transparent resin plate, while it may optionally comprise an antiref lection layer, a 
stainproof layer, a hard coat layer, etc., if desired. Such an antireflection layer, a stainproof layer or a hard coat layer 
may be placed at any position in a front panel for a plasma display panel according to the present invention. 
[0063] An antireflection layer is provided to Improve visibility. The antireflection layer may comprise a multi-layered 
antireflection film comprising a layer of a low refractive index material (e.g. magnesium fluoride, silicon oxide, etc.) and 

45 a layer of a high refractive Index material (e.g. titanium oxide, tantalum oxide, tin oxide, indium oxide, zirconium oxide, 
zinc oxide, etc.) in combination; a single-layered antireflection film mainly comprising a low refractive index material; 
and the above films additionally having an adhesive layer or a surface-modifying layer which Improves adhesion or 
hardness of the films. A three-layered antireflection layer consisting of an aluminum oxide layer, a magnesium fluoride 
layer and a silicon oxide layer is preferable from the viewpoint of endurance to temperature change caused by a heat 

so from a display screen. Furthermore, a multi-layered film corrprising an indium oxide-tin oxide (ITO) layer and a silicon 
oxide layer, or a multi-layered film comprising a silicon oxide layer and a titanium oxide layer is preferable from the view- 
point of antireflection effects, surface hardness, coheslveness and costs thereof. In particular, the multi-layered film 
comprising a silicon oxide layer and a titanium oxide layer is preferable since it has excellent transparency. 
[0064] Such an antireflection layer may be placed directly on the surface of a transparent resin plate by any known 

55 method such as coating, vacuum deposition, spattering. Ion plating, etc.. or it may be placed by laminating or adhering 
a transparent film earring an antireflection film on the surface thereof, to a transparent resin plate. The antireflection 
layer may be placed on one or both of the surfaces of the front panel of the preXent Invention. Preferably, the antireflec- 
tion layer Is formed on the both surfaces of the front panel. 
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[0065] When the antiref lection layer is formed, its surface is easily stained with soils, fingerprints, spots of cosmetics, 
etc and, therefore, a stainproof layer may be formed on the antireflectlon layer to prevent staining or to facilitate the 

removal of stains if the surface is stained. 

[0066] The stainproof layer is not particularly limited and any of the known conventional stainproof layers may be 
5 used. Examples of stainproof layers include stainproof layers comprising a fluorine atom and a siloxane, which are dis- 
closed in JP-A-3-266801 . JP-B-6-29332. JP-A-6-256756. JP-A-1-294709 (USP 5.081 .192). etc. Such a stainproof layer 
may be formed directly on the surface of a transparent resin plate, or it may be formed by laminating or adhering a trans- 
parent film carrying a stainproof layer on the surface thereof, to a transparent resin plate. The stainproof layer may be 
formed on one or both of the surfaces of the front panel of the present invention. 
10 [0067] A hard coat layer is formed to enhance the hardness of a front panel. Any conventional hard coat layer nay be 
used in the present invention. For example, a hard coat layer obtained by polymerizing and curing a coating agent 
mainly comprising a polyfunctional monomer can be used. 

[0068] Examples of the hard coat layers include layers obtained by polymerizing and curing polyfunctional polymer- 
izable compounds having two or more acryloyi groups or methacryloyi groups (e.g. urethane (meth)acrylate, polyester 

15 (meth)acrylate, polyether (meth)acrylate, etc.) with activation energy rays such as UV rays, electron beams, etc.; and 
layers obtained by thermally crosslinking and curing silicone type-, melamine type- or epoxy type-crosslinkable resin 
raw materials. Among them, a layer obtained by polymerizing and curing a urethane acrylate polyfunctional polymeriz- 
able compound, and a layer obtained by crosslinking and curing a silicone type-crossllnkable resin raw material are 
preferable from the viewpoint of durability and the easiness of handling. 

20 [0069] To obtain a hard coat layer, for example, a coating agent comprising the above compound is applied by a gen- 
eral method employed in coating processes, for example, spin coating, dip coating, roll coating, gravure coating, curtain 
flow coating, bar coating, etc., and then cured. In such a case, the coating agent may be diluted with a solvent of various 
types and then applied, in order to attain easy coating or to adjust the thickness of the coating layer. The applied coating 
agent can be cured by thermal polymerization with heating, or photopolymerization with the irradiation of activation 

25 energy rays such as UV-rays, electron beams, etc. 

[0070] The thickness of the hard coat layer is not limited, and is preferably from 1 to 20 ^m. When the thickness is 
less than 1 M.m. optical interference fringes appear due to the influence of an upper anti-reflection layer, so that the 
resulting front panel tends to have unpreferred appearance. When the thickness exceeds 20 ^un, the strength of the 
layer tends to decrease unpreferably, and thus the coated layer may be cracked. 

30 [0071] The adhesive film, which is described above, may be provided between a hard coat layer and a transparent 
resin plate or the like to improve the adhesion between them. 

[0072] The hard coat layer may be placed directly on the surface of a transparent resin plate, or it may be placed by 
laminating or adhering a transparent film carrying a hard coat layer on the surface thereof, to a transparent resin plate. 
The hard coat layer may be placed on one or both of the surfaces of the front panel of the present invention. 
35 [0073] Preferably, uneven patterns are formed on at least one side of surfaces of a front panel for a plasma display 
panel according to the present invention. The uneven patterns are usually formed on a side of the surfaces of a front 
panel facing a PDP. although they may be formed on the other side of surfaces of a front panel facing a viewer, or both 
sides of surfaces thereof. 

[0074] The uneven patterns may be formed directly on a transparent resin plate, or on an already placed hard coat 
40 layer on the plate. The latter case is preferred, since the mechanical strength, abrasion resistance and the like of the 
uneven patterns are improved. In another preferred embodiment, the uneven patterns are formed on one side of sur- 
faces of a front panel, while a hard coat layer is placed on the other side of surfaces of the panel. 
[0075] The uneven patterns may be formed by transferring such patterns from an embossing master, or by applying 
a coating containing inorganic compound particles (e.g. silicon dioxide such as silica gel, aluminum oxide, magnesium 
45 oxide, tin oxide, zirconium oxide, titanium oxide etc.) and drying It The formation of uneven patterns by transferring from 
an embossing master is simple and achieves a high yield, since the uneven patterns can be formed using embossing 
master in the heating and pressing step of the production process of a front panel. 

[0076] Examples of such an embossing master include molds used In heating and pressing steps, films having une- 
ven patterns thereon, etc. When a mold is used, it Is preferred that a releasing agent is previously applied to the transfer 
50 surface of the mold. Films having uneven patterns are preferably used, since produced front panels can be easily 
removed after heating and pressing, and the handling of the films is easy. 

[0077] Any film may be used insofar as It can be resistant to heating and pressing. Examples of such films are poly- 
ethylene terephthalate (PET) films, triacetylcellulose (TAG) films, etc. Among them, PET films are preferable from the 
viewpoint of costs. The thickness of the film is not limited, and usually at least 20 ^m from the viewpoint of the easiness 
55 of handing, and no larger than 500 pm from the viewpoint of costs, and preferably from 30 to 300 nm. 

[0078] The surface of the above film carries formed uneven patterns which correspond to the uneven patterns of a 
front panel. The uneven patterns may be formed on a film by embossing, or dispersing filters in the film. The formation 
of uneven patterns by embossing is preferable from the viewpoint of the durability of the film. 
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[0079] To form uneven patterns on the surface of a front panel using such a film, for example, a transparent resin plate 
or the like may be put on a film carrying uneven patterns with allowing the side of the surfaces of the transparent resin 
plate or the like, on which uneven patterns are formed afterwards, in contact with the uneven pattern of the film, and 
then heated and pressed as explained above. Thereafter, the film is removed to obtain a front panel having uneven pat- 

5 terns on its surface. The removed film may be recovered and recycled. 

[0080] The above uneven patterns preferably has Average Spacing of Roughness peaks in a range between 3 and 
500 ^m. and Ten point height of irregularities in a range between 1 and 20 ^im, which are measured based on J IS B 
0601 . Here. Average Spacing of Roughness peaks means an arithmetic mean value of Averaged Line lengths from one 
projection (convex) to an adjacent depression (concave) thereto along a standard length. Ten-point height of irregular- 

10 ities means the sum of the averaged value of absolute altitudes of the peaks of the highest projection to the fifth highest 
projections, and the averaged value of absolute attitudes of the bottoms of the deepest depression to the fifth deepest 
depression. 

[0081 ] In the present invention, a conductive mesh is preferably present in a depth of 0.5 mm or less from either one 
side of surfaces of a front panel, since the warp of the front panel can be suppressed. 
15 [0082] A front panel for a plasma display panel according to the present invention preferably has a surface resistivity 
of 10^^ n/square or less from the viewpoint of the suppression of dust accumulation. 

[0083] Such a surface resistivity may be attained by a method comprising the steps of applying a nonionic, anionic or 
cationic surfactant to the surface of a front panel and drying it; a method comprising the step of applying a coating which 
comprises a conductive filler mainly containing a metal oxide such as tin oxide, indium oxide, antimony oxide, etc. on 
20 the surface of a front panel; a method comprising the step of placing an ITO (indium oxide-tin oxide) film on the surface 
of a front panel by a vacuum process such as spattering, vapor deposition, etc.; a method comprising the step of placing 
a conductive polymer such as polythiophene, polypyrrole, polyacetylene, etc. on the surface of a front panel; and the 
like. 

[0084] When a decorative portion is provided in a front panel for a plasma display panel according to the present 
25 invention, which comprises a transparent resin plate and a conductive mesh placed on the transparent resin plate, it Is 
preferred that an intermediate synthetic resin plate is placed between the conductive mesh and the transparent resin 
plate, and the decorative portion is provided between the intermediate resin plate and the transparent plate to maintain 
the clearness of colors of the decorative portion and achieve attractive appearance of the decorative portion. 
[0085] Such an intermediate resin plate may be the same as a transparent resin plate which is described above. Alter- 
so natively, a plurality of transparent plates, for example, "a synthetic resin plate for a display side *, "an intermediate syn- 
thetic resin plates" and "a synthetic resin plate for a viewer side" (all of which are the same as transparent resin plates 
which are mentioned above), can be used. In this case, the synthetic resin plate for the viewer side, the intermediate 
synthetic resin plate, a conductive mesh and the synthetic resin plate for the display side can be placed in this order. 
[0086] It is noted that the synthetic resin plate for a display side, the intermediate synthetic resin plate and the syn- 
35 thetic resin plate for a viewer side may be the same or different kind of resin plates, and the resin plates can be selected 
in accordance with the objects thereof. For example, the resin plates having a relatively low transmission of visible light 
such as transparent resin plates having near-infrared ray-shielding properties, colored transparent resin plates, etc. are 
preferably used as the Intermediate synthetic resin plates or the synthetic resin plates for a display side. 
[0087] When a decorative portion is provided, a part of a conductive mesh may be exposed on a viewer side of a front 
40 panel or on a display side of a front panel, and such an exposed part of the mesh can be easily covered up with the 
decorative portion. 

[0088] There Is no limitation on a method for providing a decorative portion. For example, a decoration member such 
as a transparent resin plate carrying a decoration may be used. Such a decorative portion is preferably provided by 
printing a decoration on the surface(s) of an intermediate synthetic resin plate and/or a synthetic resin plate for a viewer 

45 side, from the viewpoint of mass productively. Alternatively, an additional transparent resin plate on which a decoration 
Is formed by printing is also preferably utilized. The colors of a decorative part are not limited. For example, the back- 
ground of a decorative part is colored black, while characters such as logos are written with a white color, to provide a 
display screen with firm impression. Examples of paints used to form a decorative portion by printing include acrylic 
paints, urethane paints, epoxy paint, etc. For example, when a decorative portion is printed on an acrylic resin plate as 

50 a transparent resin plate, acrylic paints are preferably used, since the sufficient adhesion of the decorative portion to 
the transparent resin plate can be attained. 

[0089] A decorative portion may be formed on either one or both of an intermediate synthetic resin plate and a syn- 
thetic resin plate for a viewer side. Furthermore, other transparent resin plate may be placed on the display-side surface 
of a synthetic resin plate for a display side, or the viewer-side surface of a synthetic resin plate for a viewer side. 
55 [0090] It is preferable to form uneven patterns on at least one side of surfaces of a front panel for a plasma display 
panel according to the present invention by the same methods as described above, even when a decorative portion Is 
provided to the front panel. Such uneven patterns can prevent the reflection of exterior light in the case that they are 
formed on a viewer-side surface of the front panel, while a Newton's ring Is seldom generated if they are in contact with 



9 



BNSDOCID: <EP ^0977167A1_L> 




EP 0 977 167 A1 



a display screen in the case they are formed on a display-side surface of the front panel. Therefore, both cases are pre- 
ferred. 

[0091] Methods for producing a front panel having a decorative portion may be the sane as those described above. 
For example, such a front panel can be easily produced by arranging a synthetic resin plate for a viewer side, an inter- 
5 mediate synthetic resin plate and a conductive mesh in this order, and heating and pressing them together. When a syn- 
thetic resin plate for a display side is further placed, a synthetic resin plate for a viewer side, an intermediate synthetic 
resin plate, a conductive mesh and a synthetic resin plate for a display side are arranged in this order, and then heated 
and pressed them in the same way as described above. 

[0092] A decorative portion may be provided by printing on a synthetic resin plate for a viewer side and/or an inter- 
im mediate synthetic resin plate, or by interposing other synthetic resin plate having a decoration applied thereon by print- 
ing etc., between an intermediate synthetic resin plate and a synthetic resin plate for a viewer side and then heating and 
pressing them together. 

[0093] When a conductive film is further provided, for example, as shown in Rg. 4-c. an intermediate synthetic resin 
plate, a conductive mesh, a conductive film and a synthetic resin plate for a display side are arranged in this order, and 
15 then heated and pressed. In such a case, the conductive film can be easily covered up with the above decorative por- 
tion. 

[0094] An adhesive film may be interposed between an intermediate synthetic resin plate and a synthetic resin plate 
for a display side and then heated and pressed, to improve the adhesion, for example, between these resin plats and 
between a conductive mesh and a conductive layer, and to bond them more firmly. The adhesive film may be the same 

20 as one described above. 

[0095] When a front panel for a plasma display panel according to the present invention is used, a conductive mesh 
is usually maintained at a ground potential level. To this end, the conductive mesh is preferably in contact with the 
ground potential part of a display, etc. In general, such a ground potential level can be maintained by allowing the 
exposed part of a conductive mesh in contact with the ground potential level of a display. 

25 [0096] It may be possible to maintain a conductive mesh at a ground potential by setting a conductive film so as to 
electrically contact with the conductive mesh and allowing the conductive film in contact with the ground potential part 
of a display. In this case, the conductive mesh and the conductive film are placed and laminated between two transpar- 
ent resin plates. 

[0097] A conductive film is usually made of a material having good electrical conductivity. Preferred examples of a 
30 conductive film include metal films of copper, aluminum, silver, alloys of two or more of such metals, stainless steel, etc. 
[0098] The thickness of the conductive film is usually from 0.5 to 500 ^im, preferably from 1 to 200 ^m. from the view- 
point of mechanical strength and easy processing. 

[0099] When a conductive film is provided, it should be in contact with a conductive mesh. Thus, as described above, 
the conductive film and the conductive mesh are usually arranged so that they overlap each other and are in contact 
35 with each other. Insofar as they overlap each other, their positional relationship is not limited. The conductive film may 
be in contact with either side of surfaces of the conductive mesh. 

[0100] In a front panel for a plasma display panel according to the present invention, a conductive mesh and a con- 
ductive film are preferably an-anged so that they are in contact with each other in a sheet form on the exposed part of 
the conductive mesh which is on the marginal surface of the front panel. In this case, the conductive film can be pro- 
40 vided only on one marginal side of the front panel, or on two or more marginal sides of the front panel. The conductive 
film is preferably provided on four marginal sides of the front panel from the viewpoint of electromagnetic wave-shielding 
properties. 

[0101] The width of the overlapped areas of a conductive f ilm and a conductive mesh is usually at least 1 mm, pref- 
erably from about 2 to 50 mm, from the viewpoint of electromagnetic wave-shielding properties and durability. 

45 [0102] When a conductive mesh is placed between two transparent resin plates, a conductive film to be used prefer- 
ably has holes, since the conductive mesh can be bonded firmly between two transparent resin plates. 
[0103] It is preferred that the holes are substantially uniformly scattered almost over the whole area of a conductive 
film. The area of each hole is usually 100 mm^ or less, preferably 0.1 to 50 mm^, and the total area of holes is usually 
0.1 to 50%, preferably 0.5 to 40 %, of the whole area of the conductive film. 

so [0104] A conductive film carrying an adhesive on one side of its surfaces is preferably used to firmly fix the conductive 
film and a transparent resin plate. The kind of the adhesive is not limited. Adhesives having thermoplastic properties 
are preferably used, since wide-range press conditions can be employed when they are used. 

[01 05] When a conductive film is further provided, it is preferred that a part of the film is exposed from a front panel 
and is connected to a grounding wire or a grounding electrode. In this case, a conductive mesh can be easily main- 
55 tained at a ground potential. 

[0106] The exposed part of a conductive film can be provided by protruding the edge of the conductive film beyond a 
transparent resin plate along one side of a front panel as shown in Fig. 1 -d, or by protruding the end(s) of the conductive 
film beyond side(s) of a transparent resin plate which are perpendicular to a side along which the conductive film is pro- 
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vided as shown in Fig. 2-d. although it can also be provided by cutting out a part of a transparent resin plate. Further- 
more, as shown in Fig. 3-d, a conductive film can be exposed on the plate on one side of surfaces of the front panel. 
This emtxxjiment is preferable since the exposed part can be easily provided. 

[0107] These exposed parts can be provided by suitably selecting the sizes, arrangement and shapes of synthetic 
5 resin plates and a conductive film. (In Figs. 1 -d. 2-6 and 3-d. constituent parts other than a conductive film and a trans- 
parent resin plate are omitted to simply show the relationship of the exposed part of the conductive film and the shape 
of the front panel.) 

[0108] As described above, when a conductive film has an exposed part, the exposed part may be present on either 
the viewer-side surface or the display-side surface of a front panel. In addition, concerning an exposed part, only a con- 

10 ductive film may be exposed as shown in Fig. 5-d. or a conductive film and a conductive mesh may be both exposed on 
the plate in the same side of surfaces of the front panel with the conductive film and conductive mesh being in contact 
with each other in the exposed part. Furthermore, the exposed part may be overlain on one surface of a front panel, or 
the edges of the exposed parts may be folded back in a gap between transparent resin plates, when a plurality of trans- 
parent resin plates are utilized, as shown in Fig. 9-d. 

15 [0109] A front panel for a plasma display panel according to the present invention can be produced as described 
above. Such a front panel may be trimmed, for example, its marginal parts may be cut off, so that its size is matched to 
a desired size. In this case, it is preferable to trim a front panel to a desired size without cutting off the exposed parts of 
a conductive mesh and a conductive film. 

[0110] A metal thin film of, for example, silver, copper, gold, chromium, stainless steel, nickel, etc. may be placed on 
20 the surface of a front panel for a plasma display panel according to the present invention, in a thickness which does not 
interfere the transparency of the front panel, to further improve near-infrared ray-shielding properties. 
[01 1 1 ] A front panel for a plasma display panel according to the present invention can be surely grounded, and thus 
more stably exhibits electromagnetic wave-shielding properties than conventional front panels. In addition, the front 
panel of the present invention has good visibility by optionally possessing uneven patterns on its sur^ce, and anti- 
25 reflection properties, anti-abrasion properties, and stain-proof properties. The use of a transparent resin plate having 
near-infrared ray-shielding properties can provide a front panel which can effectively shield near-infrared rays. 
[01 1 2] The present invention can provide a front panel for a plasma display panel which is less warped and generates 
less Newton's ring, a front panel for a plasma display panel which maintains the clearness of colors of a decorative por- 
tion, and a front panel for a plasma display panel which has good durability and stability of grounding. EXAMPLES 
30 [01 1 3] The present invention will be illustrated by the following Examples, which do not limit the scope of the present 
invention in any way. 

[0114] Properties were measured and evaluated as follows: 

1) Total light transmittance in visible light range 

35 

[01 15] A total light transmittance in the visible light range was measured with a haze computer Type HGM-2DP (man- 
ufactured by SUGA SHIKENKI). 

2) Light transmittance in a wavelength range between 800 and 1000 nm 

40 

[0116] A light transmittance in a wavelength range between 800 and 1000 nm was measured with an autographic 
spectrophotometer Type 330 (manufactured by Hitachi Limited). 

3) Visibility 

45 

[01 17] An obtained front panel for a plasma display panel was attached to the screen of a plasma display panel. Then, 
by observing the screen thereof with an eye, the difference of colors and contours of images before and after the attach- 
ment of the front panel was evaluated. 

so 4) Electromagnetic wave-shielding properties 

[0118] The intensity of electromagnetic waves was measured with a shielding material-evaluation system R2547 
(manufactured by ADVANTEST CORPORATION). Then, the electromagnetic wave-shielding ability of an obtained front 
panel for a plasma display panel was calculated based on the following equation: Electromagnetic wave-shielding ability 
55 (dB) = 20Logio(Xo/X) in which Xq is the intensity of electromagnetic waves without a front panel for a plasma display 
panel, and X is the intensity of electromagnetic waves with a front panel for a plasma display panel. 
[01 1 9] The larger value of an electromagnetic wave-shielding ability means that the obtained front panel for a plasma 
display panel has higher electromagnetic wave-shielding properties. 
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[0120] In the evaluation using the above system, the number of handle turns corresponds to a pressure required to 
constrict and fix a front panel for a plasma display panel (a degree of fixing). The smaller number of handle turns cor- 
responds to severe conditions for a front panel to exhibit shielding properties. 



5 5) Remote controlling test 

[0121] An obtained front panel for a plasma display panel was set in front of a photodetection part for the remote con- 
trolling of a domestic TV set. Then, a signal in a near-infrared range (a signal wavelength of 950 nm) was transmitted 
by a remote controller from a distance of 3 m. and the response of the TV set was checked. If the TV set does not 
10 respond to the signal in this test, the installed front panel can prevent problems caused by near-infrared rays which are 
generated by display devices such as plasma display panels, etc. 

6) Warp 

15 [0122] A distance (A: cm) between the diagonal line and the central part of a front panel was measured on a side 
having a concave plane at the central part of the front panel. Then, a warp (D: cm) was calculated from the distance A 
and the area (S: cm^) of the front panel based on the following equation: 

D = Ax{1/S)^^ 

20 

Example 1-a 

[0123] A polyester gauze (gossamer) fabric having a size of 200 x 200 mm. a thickness of 60 pm, and a weaving den- 
sity of 1 40 mesh/inch, the filament surfaces of which had been plated with copper and nickel and then dyed black, (man- 

25 ufactured by KABUSHIKIKAISHA SEIREN) was used as the conductive mesh 2a. an acrylic plate having a size of 200 
x 200 mm and a thickness of 4 mm (SUMIPEX 000 manufactured by Sumitomo Chemical Co., Ltd.) was used as the 
transparent resin plate la, and the soft acrylic film 3a having a size of 160 x 160 mm and a thickness of 20 nm (SUN- 
DUREN SD 003 manufactured by KANEKA CORPORATION) was used. They were arranged as shown in Fig. 1-a. 
[0124] A pair of stainless steel protection plates each having a size of 300 x 300 mm and a thickness of 2 mm, the 

30 surfaces facing the acrylic resin plate la and the acrylic film 3a being mirror finished, were arranged over and below the 
above arranged members, and all the members were installed in a 50 ton hydraulic press as they were. Then, the mem- 
bers were heated and pressed at a press temperature of 140°C under a press pressure of 40 kg/cm^ for 10 minutes to 
place and integrate them. 

[0125] After cooling, the stainless steel protection plates were detached to obtain a front panel, in which the conduc- 
35 five mesh 2a made of the polyester gauze fabric was embedded in the central area (160 x 1 60 mm) of the acrylic resin 
plate la, while the margin of the conductive mesh 2a having a width of 20 mm was not embedded. 
[0126] This front panel was attached to a plasma display panel, and the screen was observed. The visibility was good. 
[0127] Since a part of the conductive mesh 2a (polyester gauze fabric) were exposed in a sheet form on the marginal 
surface of the front panel, it was possible to ground the panel from the exposed mesh part as it was. 
40 [0128] The electromagnetic wave-shielding ability of this front panel was evaluated by measuring the change of the 
electromagnetic wave-shielding ability corresponding to the number of turns of the sample-fixing handle in the above 
shielding material-evaluation system. The results are shown in Table 1. It is noted that the handle was completely fas- 
tened at three turns. 

[0129] This front panel had very stable and good electromagnetic wave-shielding properties. 

45 

Example 2-a 

[0130] Benzoic anhydride (5 parts by weight) and tert.-butyl peroxy-2-ethylhexanoate (1 part by weight) as a radical 
polymerization initiator were dissolved in a monomer mixture (100 parts by weight) containing methyl methacrylate (90 
50 % by weight) and CH2=C(CH3)COO[CH2CH(CH3)0]5 5-P(0)-(OH)2 as a phosphorous atom containing monomer (10 
% by weight). 

[0131] The solution was poured in a polymerization cell comprising a pair of glass plates each having a size of 220 
mm x 220 mm and a thickness of 10 mm and a gasket made of polyvinyl chloride, and thermally polymerized at 55**C 
for 12 hours and then at lOO^'C for 2 hours. Thus, a transparent resin plate having a size of 200 mm x 200 mm and a 
55 thickness of 3 mm was obtained. 

[0132] This transparent resin plate had a total light transmittance of 85 %. and a light transmittance of not more than 
12 % in the wavelength range between 800 nm and 1000 nm. 

[0133] Then, a front panel, in which a polyester gauze was embedded in the central area of a resin plate while the 
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margin of the gauze was not embedded, was produced in the sane manner as in Example 1 except that the above-pro- 
duced transparent resin plate was used. 

[0134] This front panel was attached to a plasma display panel, and the screen was observed. The visibility was good. 
[0135] This front panel was completely grounded like the front panel of Example 1-a. In addition, the TV set did not 
respond in the remote controlling test. 



Comparative Example 1 -a 

[01 36] The polyester gauze (gossamer) fabric 5a having a size of 230 x 230 mm. a thickness of 60 |im. and a weaving 
10 density of 140 mesh/inch, the filament surfaces of which had been plated with copper and nickel and then dyed black, 
(manufactured by KABUSHIKIKAISHA SEIREN), the acrylic plates 4a each having a size of 250 x 250 mm and a thick- 
ness of 2 mm (SUMIPEX 000 manufactured by Sumitomo Chemical Co., Ltd.). and the soft acrylic films 6a each having 
a size of 250 x 250 mm and a thickness of 20 \im (SANJUREN SD 003 manufactured by KANEKA CORPORATION) 
were arranged as shown in Fig. 2-a. 
15 [0137] A pair of stainless steel protection plates each having a size of 300 x 300 mm and a thickness of 2 mm, the 
surfaces facing the acrylic resin plates 4a being mirror finished, were arranged over and below the above arranged 
members, and all the members were installed In a 50 ton hydraulic press as they were. Then, the members were heated 
and pressed at a press tenperature of 1 40^0 urKler a press pressure of 40 kg/cm^ for 1 0 minutes to place and integrate 
them. 

20 [01 38] After cooling, the stainless steel protection plates were detached to obtain a front panel. In which the polyester 
gauze fabric was completely embedded in the central part of the acrylic resin plates. 

[0139] The four sides of this front panel were cut so as to expose the polyester gauze fabric on the four side faces 
(the lateral faces) of the panel, to obtain the front panel having a size of 200 mm x 200 mm and a thickness of 4 mm. 
The conductive part (polyester gauze fabric) appeared on the side faces in a linear form. Thus. It was very difficult to 
25 ground it. 

[0140] The electromagnetic wave-shielding ability of this front panel was evaluated by measuring the change of the 
electromagnetic wave-shielding ability corresponding to the number of turns of the sample-fixing handle in the above 
shielding material-evaluation system. The results are shown in Table 1. 

[0141] This front panel was not sufficiently grounded, and its electromagnetic wave-shielding properties fluctuated 
30 greatly depending on the degree of fixing and frequency, and were not stable. 



Table 1 



Frequency (MHz) 


Number of handle turns 


Electromagnetic wave- 
shielding ability (dB) 






Example 1 


Comp. Ex. 1 


30 


0 


59 


45 




1 


59 


52 




2 


59 


50 
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59 


59 


50 


0 


60 


42 




1 


60 


59 
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60 


60 
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60 


60 


70 


0 


59 


40 
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59 


49 
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59 


50 
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59 


51 
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Table 1 (continued) 



Frequency (MHz) 


Number of handle turns 


Electromagnetic wave- 
shielding ability (dB) 






Example 1 


Comp. Ex. 1 


90 


0 


58 


40 




1 


58 


48 




2 


58 


52 




3 


58 


50 



Example 1-b 



15 [0142] As shown in Fig. 1 -b, the acrylic resin MMA plate (hereinafter referred to as "MM A plate") 3b having near>inf ra- 
red ray-shielding properties was set on the mirror finished press plate lb made of stainless steel (SUS) (with the mirror 
surface facing upward) with the hard coat plane 2b facing downward. Then, the conductive mesh 41b. the adhesive 
acrylic film 51b. the acrylic film 6b, the non-glare polyethylene terephthalate film (hereinafter referred to as "non-glare 
PET film") 8b (with the non-glare surface 72b facing downward) were arranged in this order. Finally, a mirror finished 

20 press plate was set over these members with its mirror finished surface facing downward. Then, the members were 
heated and pressed at ISC'C under a pressure of 40 kg/cm^ for 20 minutes. Thereafter, the non-glare PET film 8b as 
an embossing master was removed to obtain a front panel, in which the acrylic film 6b had the uneven patterns on its 
surface transferred from the surtece of the non-glare PET film 8b. as shown in Fig. 2-b. 

[0143] The MMA plate 3b was a cast plate having near-infrared ray-shielding properties and a thickness of 3 mm. the 
surface thereof having the acrylic hard coat layer 2b. The hard coat layer 2b was a UV-curable type one, and had a thick- 
ness of 4 nm. 

[0144] The acrylic film 6b had a glass transition temperature of 1 01 ""C and a thickness of 1 25 ^m. 
[0145] The non-glare PET film 8b consisted of a PET substrate having a thickness of 188 ^m and a hard coat layer, 
which of the surface was embossed, to form uneven patterns 72b (non-glare surface). 

[0146] The conductive mesh 41b consisted of polyester fibers (manufactured by TAKASEMETAX Co.. Ltd.) which 
were thinly plated with copper and coated with a conductive black resin to suppress reflection. A mesh size thereof was 
100 X 100 mesh, and a fiber diameter thereof was 40 ym. 

[0147] The adhesive acrylic film 51b was a soft acrylicf ilm (SUNDUREN manufactured by KANEKA CORPORATION) 
having a thickness of 50 ^m. 

[0148] The length and width of the acrylic film 6b and the adhesive acrylic film 51b were each about 20 mm smaller 
than those of the conductive mesh. 

[0149] Accordingly, the conductive mesh 41b was exposed in the plane of the front panel on the entire marginal sides 
of the front panel in a width of about 1 0 mm, and was embedded In the central part of the front panel to a depth of 1 40 
^im from the surface on the mesh side (, which is a side of surfaces of the panel on which the mesh Is exposed). 

40 [01 50] The warp of this front panel was about 1 0 mm. 

[0151] The obtained front panel was attached to the screen of PDR The mesh side of the front panel faced the PDP, 
and the exposed mesh having a width of 10 mm on the marginal surface of the front panel was connected to a ground 
potential level. Thus, good electromagnetic wave-shielding properties were attained. The use of the near-infrared ray 
shielding plate could sufficiently shield the near-Infrared rays emitted by PDP, and thus no malfunction happened in the 

45 remote control of electric equipment. 

[0152] No Newton's ring was generated by the uneven patterns formed on the mesh side of this front panel. Thus, 
this front panel had good visibility In addition, the surface opposite to the mesh side surface (hereinafter referred to as 
**viewer side surface") had practically good surface hardness, and had no scratch In the practical use. 



25 



30 



35 



50 Example 2-b 



[0153] As shown in Fig. 3-b, on the SUS-made mirror finished press plate lb. the acrylic film lib carrying the hard 
coat layer 10b (with the hard coat layer facing downward), the adhesive acrylic film 13b. the MMA plate 3a having near- 
infrared ray-shielding properties, the conductive mesh 41b. the adhesive acrylic film 51b. the acrylic film 61b and the 
55 non-glare PET film 12b (with the non-glare surface facing downward) were arranged in this order. Finally, another mirror 
finished press plate was set over these members with Its mirror finished surface facing downward. Then, the members 
were heated and pressed at 130*C under a pressure of 40 kg/cm^ for 20 minutes. Thereafter, the non-glare PET film 
12b as a embossing master was removed to obtain a front panel for PDP, in which the acrylic film Sib had the uneven 
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patterns transferred from the surface of the non-glare PET film 12b. as shown in Fig. 

[0154] The acrylic film 61b had a glass transition temperature of 105**C and a thickness of 250 yivn. The non-glare 
PET film 12b consisted of a PET substrate having a thickness of 188 \im and a hard coat layer having a surface on 
which non-glare surface was formed by embossing. The acrylic film life carrying the hard coat layer Iflb consisted of 
5 an acrylic film having a thickness of 250 pm to which an acrylic urethane hard coat layer having a thickness of about 4 
^im was provided. The conductive mesh 41b. MM A plate 3b and adhesive acrylic film 51b were the same as those used 
in Example 1-b. Furthermore, the length and width of the acrylic film 61b and the adhesive acrylic film 51b were each 
about 20 mm smaller than those of the conductive mesh, like in Example 1 -b. 

[0155] Accordingly, the conductive mesh was exposed in the plane of the front panel on the entire marginal sides of 
10 the front panel in a width of about 1 0 mm, and was embedded in the central part of the front panel to a depth of about 
260 ^im from the surface on the mesh side. 
[0156] The warp of this front panel was about 15 mm. 

[0157] The obtained front panel was attached to the screen of PDP in the same way as in Example 1-b. The front 
panel had as good electromagnetic wave-shielding and near-infrared ray-shielding properties as those of Example 1-b. 
15 [01 58] No Newton's ring was generated by the uneven patterns formed on the mesh side of this front panel like Exam- 
ple 1-b. In addition, the surface had good surface hardness, and had no scratch In the practical use. 



20 [01 59] As shown In Fig. 5-b. on the SUS-made mirror finished press plate lb, the non-glare PET film 8b was arranged 
with the non-glare surface facing upward. Then, the acrylic hard film 15b carrying the hard coat layer 14b (with the hard 
coat layer 14b facing downward), the adhesive acrylic film 13b. the MMA plate 3b having near-infrared ray-shielding 
properties, the conductive mesh 42b. the adhesive acrylic film 51b. the acrylic film 6b, and the non-glare PET film 8b 
(with the non-glare surface facing downward) were arranged in this order. Finally, another mirror finished press plate 

25 was set over these members with its mirror finished surface facing downward. Then, the members were heated and 
pressed at 1 35**C under a pressure of 40 kg/cm^ for 20 minutes. Thereafter, the two non-glare PET films as embossing 
masters were removed to obtain a front panel for PDP. in which the hard coat layer 14b of the acrylic film 15b and the 
acrylic film gb had the uneven patterns on each surface transferred from the surfaces of the non-glare PET films Sb. as 
shown in Fig. 6-b. 

30 [0160] The conductive mesh ^b consisted of polyester fibers, which were thinly plated with copper and coated with 
a conductive black resin to suppress reflection. A mesh size thereof was 90 x 90 mesh, and a fiber diameter thereof was 
40 Jim. The acrylic film 15b carrying the hard coat layer 14b consisted of an acrylic film having a thickness of 125 jim 
to which an acrylic hard coat layer having a thickness of about 4 ^m was provided. The acrylic film 6b, the non-glare 
films Si the MMA plate 3b and the adhesive acrylic film 51b were the same as those used in Example 1 -b. Further- 

35 more, the length and width of the acrylic film 6b and the adhesive acrylic film 51b were each about 20 mm smaller than 
those of the conductive mesh 42b. like in Example 1-b. 

[0161] Accordingly, the conductive mesh was exposed in the plane of the front panel on the entire marginal sides of 
the front panel in a width of about 10 mm, and was embedded In the central part of the front panel to a depth of about 
140 \im from the surface on the mesh side. 

40 [0162] The warp of this front panel was about 10 mm. 

[0163] The obtained front panel was attached to the screen of PDP in the same way as in Example 1-b. The front 
panel had as good electromagnetic wave-shielding and near-infrated ray-shielding properties as those of Example 1-b. 
[0164] No Newton's ring was generated by the uneven patterns formed on the mesh side of this front panel like Exam- 
ple 1 -b. On the viewer side, the reflection of the screen was suppressed by the non-glare surface which was transferred 

45 onto the hard coat. In addition, the blurring of the screen was not observed, and good visibility was attained, although 
the both surfaces of the front panel were subjected to the non-glare treatment. The front panel had good surface hard- 
ness, and had no scratch in the practical use. 

[0165] To Impart antistatic properties to the surface of the front panel, an antistatic coating material comprising sur- 
factants (NONDUST (trade name) manufactured by COLCOAT) was applied to both the viewer and mesh side surfaces 
so of the front panel so that a surface resistivity became 8 x 10^^ CVsquare. The obtained front panel absorbed few dusts 
In use. and thus it could maintain good visibility for a long time. 



55 [0166] As shown in Fig. 7-b. on the SUS-made mirror finished press plate lb. the non-glare PET film 12b (with the 
non-glare surface facing upward), the acrylic film 15b carrying the hard coat layer 2b (with the hard coat layer 2b facing 
downward), the adhesive acrylic film 13b. the MMA plate 3b having near-infrared ray-shielding properties, the conduc- 
tive mesh 43b, the adhesive acrylic film 51b. the acrylic film Ifib carrying the hard coat layer 17b (with the hard coat 



Example 3-b 



Example 4-b 
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layer 17b facing upward) and the non-glare PET film 8b (with the non-glare surface facing downward) were arranged in 
this order. Finally, another mirror finished press plate was set over the these members. Then, the members were heated 
and pressed at 1 35*^0 under a pressure of 40 kg/cm^. Thereafter, the non-glare PET films on the mesh and viewer sides 
were removed to obtain a front panel for PDP. in which the hard coat layers 2b, 17b of the acrylic films 15b. 16b had the 
5 uneven patterns transferred from the non-glare surfaces of the PET films 12b. 8b. as shown In Fig. 8-b. 

[0167] The acrylic films 15b. 16b carrying the hard coat layers 2b, 17b consisted of a transparent acrylic film having 
a glass transition temperature of 105^*0 and a thickness of 125 [ivn and having one surface to which an acrylic hard coat 
layer having a thickness of 5 pm was provided. 

[0168] The conductive mesh 43b consisted of polyester fibers, which were thinly plated with copper and coated with 
10 a conductive black resin to suppress reflection. A mesh size, which is the number of squares in mesh per one inch, 
thereof was 140 x 140 mesh, and a fiber diameter thereof was 40 jim. 

[0169] The non-glare PET films 8b, 12b were the same as those used in Examples 1 -b and 2-b, and the MMA plate 
3b and the adhesive acrylic film 13b were the same as those used in Example 1 -b. Furthermore, the length and width 
of the acrylic film Ifife and the adhesive acrylic film Sib were each about 20 mm smaller than those of the conductive 
75 mesh, like in Example 1 -b, while the size of the acrylic film 15b carrying the hard coat layer 2b was the same as that of 
the MMA plate 3a. 

[01 70] Accordingly, the conductive mesh 43b was exposed in the plane of the front panel on the entire marginal sides 
of the front panel in a width of 1 0 mm, and was embedded in the central part of the front panel to a depth of about 140 
Jim from the surface on the mesh side. 

20 [01 71 ] The warp of this front panel was about 1 0 mm. 

[0172] The obtained front panel was attached to the screen of PDP in the same way as in Example 1-b. The front 
panel had as good electromagnetic wave-shielding and near-infrared ray-shielding properties as those of Example 1 -b. 
[0173] No Newton's ring was observed. In addition, the front panel had good durability and the non-glare surfaces 
were less changed by the heat generated by PDP or the warp of the front panel, since the mesh side surface had the 

25 hard coat layer having the uneven patterns. Thus, the front panel had good durability. Also, the viewer side surface had 
good surface hardness, and had no scratch in the practical use, and the front panel had good visibility. 
[0174] To impart antistatic properties to the surface of the front panel, an antistatic coating material comprising sur- 
factants (NONDUST (trade name) manufactured by COLCOAT) was applied to the mesh side surface of the front panel 
so that a surface resistivity became 5x10^ Q/square. The obtained front panel could suppress the accumulation of 

30 dusts on the mesh side in use for a long time- 
Example 5-b 

[0175] As shown in Fig. 9-b, using the same press machine as that used in Example 1-b, on the SUS-made mirror 
35 finished press plate lb, the transparent MMA plate 32b. the adhesive acrylic film 51b. the conductive mesh 41b. the 
adhesive acrylic film 51b. the transparent MMA plate 33b and another SUS-made mirror finished plate were arranged 
in this order. Then, the members were heated and pressed at 130°C under a pressure of 40 kg/cm^ to Integrate them. 
[0176] The MMA plate 3^ was a cast plate having a thickness of 3 mm, while the MMA plate 33b was an extruded 
plate having a thickness of 1 mm. The conductive mesh 41b and the adhesive acrylic film 51b were the same as those 
40 used in Example l-b. 

[01 77] The length and width of the transparent MMA plate 33b and adhesive acrylic film 51b were each atx)ut 20 mm 
smaller than those of the conductive mesh. 

[0178] Accordingly, the conductive mesh was exposed In the plane of the front panel on the marginal sides of the front 
panel in a width of 10 mm, and was embedded in the central part of the front panel to a depth of about 1 mm from the 
45 surface on the mesh side, as shown in Fig. 10-b. 

[0179] The obtained front panel was attached to the screen of PDP in the same way as in Example 1-b. The front 
panel had as good electromagnetic wave-shielding properties as those of Example 1 -b. 

[0180] However, the obtained front panel was warped by 25 mm with the acrylic plate 33b on the mesh side being 
con vexed. 

50 [0181] Furthermore, this front panel was attached to PDP in the same way as in Example 1-b. As a result, Nev^on's 
rings were observed, and the surface on the viewer side was easily scratched. 

Example 1-c 

55 [0182] As shown in Fig. 1-c. on the SUS-made mirror finished press plate 1c, the acrylic film He carrying the hard 
coat layer 10c (with the hard coat layer 10c facing downward), the adhesive acrylic film 13c. the transparent resin plate 
3c. the conductive mesh 41c, the adhesive acrylic film 51c, the acrylic film 61c and the non-glare PET film 12c (with the 
non-glare surface 71c facing downward) were arranged In this order. Finally, the mirror finished press plate 2£ was set 
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over these members with the mirror finished surface facing downward. Then, the members were heated and pressed 

at 1 SO^'C under a pressure of 40 kg/cm^ for 20 minutes. Thereafter, the non-glare PET film 12c as a embossing master 

was removed to obtain a front panel, in which the surface of the acrylic film 61c had the uneven pattems transferred 

from the PET film as shown in Fig. 2-c. 
5 [0183] The printed portion 201c was formed by printing in black in a width of 30 mm on the marginal surface of the 

transparent resin plate 3c and then printing white letters on the black printed portion, using acrylic inks. 

[0184] The acrylic film 61c had a glass transition temperature of 105**C and a thickness of 250 ^im. 

[0185] The non-glare PET film 12c consisted of a PET film substrate having a thickness of 188 nm and a hard coat 

layer having a surface on which non-glare surface was formed by embossing. 
10 [0186] The acrylic film Il£ carrying the hard coat layer 1fi£ consisted of an acrylic film having a thickness of 250 ^m 

to which an acrylic urethane hard coat layer having a thickness of about 4 ^m was provided. 

[0187] The conductive mesh 41c consisted of polyester fibers (manufactured by TAKASE METAX Co.. Ltd.) which 
were thinly plated with copper and coated with a conductive black resin to suppress reflection. A mesh size thereof was 
100 X 100 mesh, and a fiber diameter thereof was 40 ^m. 
15 [0188] The transparent resin plate 3c consisted of a resin plate having near-infrared ray-shielding properties (thick- 
ness, 3mm; polymethyl methacrylate; cast plate). The hard coat layer Iflc of the acrylic film ll£ was a UV-curabie type, 
and had a thickness of 4 ^m. 

[0189] The adhesive acrylic films 13c. 51c were soft acrylic films (SUNDUREN manufactured by KANEKA CORPO- 
RATION) each having a thickness of 50 fim. 
20 [01 90] The length and width of the acrylic film 61c and adhesive acrylic film 51c were each about 20 mm smaller than 
those of the conductive mesh 41c . while the sizes of the conductive mesh 41c . the adhesive acrylic film 13c and the 
acrylic film He were the same as those of the transparent resin plate 3c. 

[01 91 ] Accordingly, the conductive mesh 41c was exposed in the plane of the front panel on the entire marginal sides 
of the front panel in a width of 10 mm. The conductive mesh 41c except the marginal exposed part was embedded in 
25 the front panel to a depth of about 260 \ipn from the mesh side surface. 

[0192] When the obtained front panel was attached to the screen of PDP. the screen was well defined with the black 
print on the marginal surface, and looked attractive. 

[0193] Since the panel was set so that the mesh side surface thereof faced the PDP screen, the marginal exposed 
part of the mesh was hidden with the printed portion, and thus could not be seen from the front side. Since the printed 
30 portion was arranged on the viewer side of both of the mesh and the resin plate having near-infrared ray-shielding prop- 
erties, clear printed colors were maintained, and furthermore the printed portion had good durability. In addition, when 
the marginal exposed part of the mesh was connected to a ground potential level, the obtained front panel had good 
electromagnetic wave-shielding properties. Thus, the leak of electromagnetic waves was greatly decreased, and the 
radiation of near-infrared rays from PDP was well shielded. 

35 

Example 2-c 



[0194] As shown in Fig. 3-c. on the SUS-made mirror finished press plate l£, the non-glare PET film 8c was set with 
the non-glare surface 72c facing upward. Then, on the non-glare PET film 8c. the acrylic film 15c carrying the hard coat 

40 layer 14£ (with the hard coat layer 14c facing downward), the acrylic film 23c. the transparent resin plate 3q, the con- 
ductive mesh 42c. the adhesive acrylic film 51c . the acrylic film 6c and the non-glare PET film 12c (with the non-glare 
surface 72c facing downward) were arranged in this order. In addition, a copper metal thin film 101c was arranged on 
the entire marginal sides of the conductive mesh 42c so that the width of about 1 0 mm of the metal thin film overlapped 
with the underside surface of the adhesive acrylic film 51c . Finally, the mirror finished press plate 2c was arranged on 

45 the members with the mirror finished surface facing downward. Then, the members were heated and pressed at 135°C 
under a press pressure of 40 kg/cm^ for 20 minutes. Thereafter, the two non-glare PET films 8c, 12c as embossing 
masters were removed to obtain a front panel, in which both of the hard coat layer on the acrylic film and the other 
acrylic film had uneven patterns on each surface transferred from the non-glare surfaces of the non-glare PET films, as 
shown in Fig. 4-c. 

so [0195] The printed portion 202c was formed by printing in black in a width of 25 mm on the marginal surface of the 
acrylic film 23c and then printing white letters on a part of the black printed portion, using acrylic inks. 
[0196] The copper metal thin film 101c was in a tape form having a width of 20 mm and a thickness of 20 pm, and cut 
in a suitable length so that it could be placed on the entire marginal sides of surface of the mesh. 
[0197] The conductive mesh 42c consisted of polyester fibers, which were thinly plated with copper and coated with 

55 a conductive black resin to suppress reflection. A mesh size thereof was 90 x 90 mesh, and a fiber diameter thereof was 
40 nm. 

[0198] The acrylic film 15c carrying the hard coat layer 14c consisted of an acrylic film having a thickness of 125 ^m 
to which an acrylic hard coat layer having a thickness of about 4 pm was provided. 
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[0199] The acrylic film 6c had a thickness of 125 ^m. 

[0200] The non-glare PET films 8c, 12c each consisted of a PET film having a thickness of 188 mhi. and each had 
uneven patterns on its one side of surfaces which were formed by embossing. 

[0201] The transparent resin plate 3£ and the adhesive acrylic film 51c were the sane as those used in Example 1 -c. 
5 [0202] The length and width of the acrylic film 6c and the adhesive acrylic film 51c were each about 20 mm smaller 
than those of the conductive mesh, while the sizes of the conductive mesh 42c and the acrylic films 23c. 15c were the 
same as those of the transparent resin plate 3c. 

[0203] The copper thin film 101c was exposed in the plane of the front panel on the entire marginal sides of surface 
of the front panel in a width of about 10 mm while overlapping with the conductive mesh 42c. 
10 [0204] The conductive mesh 42c except the part on which the copper thin film was provided was embedded to a depth 
of about 140 urn from the mesh side surface of the panel. 

[0205] The obtained front panel was attached to the screen of PDP in the same way as in Example 1-c. The copper 
thin film was hidden with the black printing of the printed portion on the marginal surface of the front panel, and thus 
could not be seen from the viewing side. Further, the printed colors were clear, and the decoration effect of the screen 
75 was sufficient. The front panel had as good electromagnetic wave-shielding and near-infrared ray-shielding properties 
as those of Example 1 -c. 

[0206] An antistatic coating material comprising surfactants (NONDUST (trade name) manufactured by COLCOAT) 
was applied to both the mesh and viewer side surfaces of the front panel so that a surface resistivity became 8x10^^ 
Q/square. The obtained front panel could suppress the adsorption of dusts on the surfaces, and thus the front panel 
20 could have good visibility for a long time. 



Example 3-c 

[0207] As shown in Fig. 5-c. on the SUS-made mirror finished press plate 1c, the non-glare PET film 12c (with the 

25 non-glare surface 72c facing upward), the acrylic film 15c carrying the hard coat layer 14c (with the hard coat layer 14c 
facing downward), the adhesive acrylic film 13c, the transparent resin plate 3c, the conductive mesh 43c, the adhesive 
acrylic film 51c. the acrylic film 16c carrying the hard coat layer 17c (with the hard coat layer 17c facing upward) and 
the non-glare PET film 8g (with the non-glare surface 72g facing downward) were arranged in this order. In addition, a 
copper metal thin film 104c was arranged on the entire marginal sides area of the conductive mesh so that the width of 

30 about 5 mm of the metal thin film overlapped with the underside surface of the adhesive acrylic film 51c. Finally, the mir- 
ror finished press plate 2c was arranged on the members with the mirror finished surface facing downward. Then, the 
members were heated and pressed at 135^C under a press pressure of 40 kg/cm^. Thereafter, the two non-glare PET 
films 8c. 12c as embossing masters were removed from the mesh and viewer side surfeces to obtain a front panel, in 
which the hard coat layers of the acrylic films 15c, 16c carrying the hard coat layers 14c, ITc had uneven patterns on 

35 each surface transferred from the non-glare surfaces of the non-glare PET films, as shown in Fig. 6-c. 

[0208] The copper metal thin film 104c was in a tape form having a width of 1 5 mm and a thickness of 15 ^m, and cut 

in a suitable length so that it could be placed on the entire marginal sides of surface of the mesh. 

[0209] The acrylic film 15c carrying the hard coat layer 14c was the same as that used in Example 2-c. 

[021 0] The printed portion 203c was formed by printing in black on the marginal surface of the acrylic film 15c in a 

40 width of 25 mm, using acrylic inks. 

[0211] The acrylic films 15c. 16c carrying the hard coat layers consisted of an acrylic film having a glass transition 
temperature of 105''C and a thickness of 125 |im to which an acrylic hard coat layer having a thickness of about 5 ^m 
was provided. The conductive mesh 43c consisted of polyester fibers, which were thinly plated with copper and coated 
with a conductive black resin to suppress reflection. A mesh size thereof was 1 40 x 1 40 mesh, and a fiber diameter 

45 thereof was 40 ^m. The non-glare PET films 8c, 12c were the same as those used in Examples 2-c and 1 -c, while the 
transparent resin plate 3c and the adhesive acrylic film 51c were the same as those used in Example 1-c. 
[021 2] The length and width of the acrylic film 16c and the adhesive acrylic film 51c were each about 20 mm smaller 
than those of the conductive mesh 43c. while the sizes of the conductive mesh 43c. the adhesive acrylic film 13c and 
acrylic film 15c were the same as those of the transparent resin plate 3c. 

50 [021 3] The copper thin film 104c was exposed in the plane of the front panel on the entire marginal sides of surface 
of the front panel in a width of about 10 mm. The conductive mesh 43c except the part on which the copper thin film 
was provided was embedded to a depth of about 140 ^im from the mesh side surface, which corresponded to about the 
total thickness of the acrylic film 16c and a part of the adhesive acrylic film 51c . 

[0214] The obtained front panel was attached to the screen of PDP in the same way as in Example 1 -c. The copper 
55 thin film was hidden with the black printing on the marginal surface of the front panel, and thus could not be seen from 
the viewing side. Furthermore, the printed colors were clear, and the decoration effect of the screen was sufficient. The 
front panel had as good electromagnetic wave-shielding and near-infrared ray-shielding properties as those of Example 
1-c. 
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[0215] To impart antistatic properties to the front panel, an antistatic coating material comprising surfactants (NON- 
DUST (trade name) manufactured by COLCOAT) was applied to the mesh side surface of the front panel so that a sur- 
face resistivity became 5x10^ O/square. The obtained front panel could suppress the accumulation of dusts on the 
mesh side surface in use for a long time. 



Comparative Exannple Vc 

[0216] As shown in Fig. 7-c. using the same press machine as that used in Example 1-c. on the SUS-made mirror 
finished press plate 1c, the transparent resin plate 3c having near-infrared ray-shielding properties, the adhesive acrylic 
10 film 5l£. the conductive mesh 4l£, another adhesive acrylic film 51c. the transparent MMA plate 22£ and another SUS- 
made mirror finished plate 2q were placed in this order. Then, the members were heated and pressed at 130**C under 
a pressure of 40 kg/cm^ to integrate them. 

[0217] The printed portion 204c was formed by printing in black in a width of 10 mm on the marginal surface of the 
transparent resin plate and then printing white letters on a part of the black printed portion. 

75 [021 8] The transparent resin plate 33c was an extruded plate (of polymethacrylate) having a thickness of 1 mm, while 
the conductive mesh 41c and the adhesive acrylic films 51c were the same as those used in Example 1 -c. The trans- 
parent resin plates 3c. 33c. the adhesive acrylic films 51c and conductive mesh 41c had the same length and width. 
After pressing, all the marginal sides of the produced panel was cut by a width of about 10 mm, and a conductive paste 
301c (DOUGHTIGHT D-500 manufactured by FUJIKURA KASEI Co.. Ltd.) was applied on the side surfaces and dried. 

20 Then, onto the surfaces, the copper tape 401c was bonded to obtain a front panel. As shown in Fig. 8-c, in the obtained 
front panel, the conductive mesh 41c was embedded to a depth of about 1 mm from the mesh side surface (on the side 
at which the transparent resin plate 33c was placed), which corresponded to the total thickness of the transparent resin 
plate 33£ and adhesive acrylic film Here. Fig. 8-c shows the conductive paste 301 c and copper tape 401c only on 
the left cut side, while those on the right cut side are omitted. 

25 [021 9] This front panel was attached to the screen of PDF with the printed portion facing the display, and the copper 
tape 401c was connected to a ground potential level. However, the front panel had Insufficient electromagnetic wave- 
shielding properties. 

[0220] The printed portion had low contrast because of the influence of the conductive mesh and the transparent syn- 
thetic resin plate having near-infrared ray-shielding properties. Furthermore, the front panel was easily scratched, and 
30 thus had unsatisfactory durability, since the printed portion was exposed on the display side surface. 



[0221 ] As shown in Fig. 4-d. on the SUS-made mirror finished press plate M the transparent resin plate 3d (with the 
35 hard coat layer 2d facing downward), the conductive mesh 4d, the conductive film 5d, the adhesive film Sd. the trans- 
parent resin plate 7d and the non-glare film 9d (with the non-glare surface 8d facing downward) were arranged in this 
order. Finally, the mirror finished press plate lOd was arranged over the members with the mirror finished surface lid 
facing downward. The conductive film 5d was arranged so that it overiapped with each of the adhesive film 6d and con- 
ductive mesh 4d on the entire marginal sides of a front panel in a width of about 10 mm. Then, the members were 
40 heated and pressed at a press temperature of 130°C under a press pressure of 40 kg/cm^ for 20 minutes. Thereafter, 
the non-glare film 9d was removed to obtain a front panel for a plasma display panel as shown In Fig. 5-d. 
[0222] The transparent resin plate 3d was the cast plate of an acrylic resin having near-infrared ray-shielding proper- 
ties and a thickness of 3 mm, and the hard coat layer 2d on its surface was a layer formed by curing an acrylic hard 
coating agent with UV rays and having a thickness of 4 ^m, 
45 [0223] The conductive mesh 4d consisted of polyester fibers, which were thinly plated with copper and coated with a 
conductive black resin to suppress reflection (manufactured by TAKASE METAX). A mesh size thereof was 100 x 100 
mesh, and a fiber diameter thereof was 40 ^m. The size of the conductive mesh Asi was substantially the same as that 
of the transparent resin plate 3d . 

[0224] The conductive film 5d was a copper tape having a width of 20 mm and a thickness of 20 ^im. and cut in a 
so suitable length so that it could be placed on the entire marginal sides of the conductive mesh 4d . 

[0225] The part 13d of the conductive film 5d, which overlapped with the adhesive film 6d. was perforated to form 5 
holes each having a diameter of about 1 mm per one square centimeter (cm^) of the conductive film. The total hole area 
was 3.9 % of the whole surface area of the conductive film 5d. 

[0226] A thermoplastic adhesive (HM type manufactured by PANAC) was coated in a thickness of about 20 jim on the 
55 side of surfaces of the conductive film 5d facing the transparent resin plate 3d. The above holes were formed to pass 
through the conductive film and the adhesive. 

[0227] The adhesive film 6d was a soft acrylic film (SUNDUREN manufactured by KANEKA CORPORATION) having 
a thickness of 50 ^m. and its length and width were each about 20 mm smaller than those of the transparent resin plate 
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3d. 

[0228] The acrylic film 7d was an acrylic film fiaving a glass transition temperature of lOrC and a thickness of 125 
^m, and its length and width were each about 20 mm smaller than those of the transparent resin plate 3d- 
[0229] The non-glare film 9d consisted of a PET film having a thickness of 1 88 pm and carrying, on its surface, a hard 
5 coat layer which was eniDossed to form uneven patterns 8d (non-glare surface), and its size was substantially the same 
as that of the transparent resin plate 3d. 

[0230] In the obtained front panel, the conductive film 5d was exposed on the plane of the front panel on the entire 
marginal sides of the front panel in a width of about 1 0 mm while overlapping with the conductive mesh 4d. Here, a side 
on which a conductive film is exposed is referred to as "mesh side". 
10 [0231 ] The conductive film 5d overlapped with the conductive mesh 4d with being firmly bonded to each other in the 
regions 13d in which the conductive film 5d overlapped with the adhesive film 6d and transparent resin plate 76. Fur- 
thermore, the conductive film 5d was firmly fixed with the transparent resin plate 3d. adhesive film 6d and transparent 
resin plate 7d. 

[0232] The conductive mesh 4d was embedded to a depth of atx)ut 140 pm from the mesh side surface in the region 
>5 I4d other than the part in which the mesh and the conductive film 5d was overlapped. 

[0233] This front panel was attached to PDP with the mesh side facing the PDP while connecting the exposed part of 
the conductive film 5d to a ground potential level. Electromagnetic waves were effectively shielded, and also near-infra- 
red rays emitted from the PDP were sufficiently shielded. In addition, no malfunction happened in the remote control of 
electric equipment. 

20 [0234] When the front panel was allowed to be in contact with the display screen of the PDP, no Newton's ring was 
observed, and the visibility of the PDP screen was good. The surface opposite to the mesh side (hereinafter referred to 
"viewer side surface") had practically good surface hardness, and was not scratched in the practical use. 



Example 2-d 

25 

[0235] As shown in Fig. 6-d. on the SUS-made mirror finished press plate Id. the transparent resin plate 17d carrying 
the hard coat layer on its surface (with the hard coat layer 16d facing downward), the adhesive film 18d. the transparent 
resin plate 3d. the conductive mesh 4d. the conductive film 5d. the adhesive film 6d, the transparent resin plate 7d and 
the non-glare film 9d (with the non-glare surface 8d facing downward) were arranged in this order. Finally, the mirror 

30 finished press plate lOd was arranged over the members with the mirror finished surface 11d facing downward. The 
conductive film 5d was arranged so that it overlapped with each of the adhesive film 6d and conductive mesh 4d on the 
entire marginal sides of a front panel in a width of about 5 mm. Then, the members were heated and pressed at a press 
temperature of 130**C under a press pressure of 40 kg/cm^ for 20 minutes. Thereafter, the non-glare film 9d was 
removed to obtain a front panel as shown in Fig. 7-d. 

35 [0236] The transparent resin plate 3d was the cast plate of an acrylic resin having near-infrared ray-shielding proper- 
ties and a thickness of 3 mm. 

[0237] The transparent resin plate 17d was an acrylic plate having a thickness of 250 |xm. and the hard coat layer 16d 
on its surface was a layer formed by curing an acrylic urethane hard coating agent with UV rays and having a thickness 
of 4 nm. The size of the plate I7d was sukjstantially the same as that of the transparent resin plate 3d. 
40 [0238] The conductive mesh 4d consisted of polyester fibers, which were thinly plated with copper and coated with a 
conductive black resin to suppress reflection (manufactured by TAKASE METAX). A mesh size thereof was 100 x 100 
mesh, and a fiber diameter thereof was 40 jum. The size of the conductive mesh 4d was substantially the same as that 
of the transparent resin plate 3d . 

[0239] The conductive film 5d was an aluminum tape having a width of 1 5 mm and a thickness of 30 ^m, and cut in 
45 a suitable length so that It could be placed on the entire marginal sides of the mesh. 

[0240] A part of the conductive film 5d. which overlapped with the adhesive film 6d. was perforated to form 8 holes 
each having a diameter of about 0.7 mm per one square centimeter (cm^) of the conductive film. The total hole area 
was 3.1 % of the whole surface area of the conductive film 5d . 

[0241] The adhesive films 6d, 18d were soft acrylic films (SUNDUREN manufactured by KANEKA CORPORATION) 
50 having a thickness of 50 ^m. The length and width of the adhesive film 6d were each about 20 mm smaller than those 
of the transparent resin plate 3d, while the size of the adhesive film 18d was substantially the same as that of the trans- 
parent resin plate 3d . 

[0242] The transparent resin plate 7d was an acrylic film having a glass transition temperature of 105*^0 and a thick- 
ness of 250 ^im. and its length and width were each about 20 mm smaller than those of the transparent resin plate 3d- 
55 [0243] The non-glare film 9d consisted of a PET film having a thickness of 1 88 nm carrying, on its surface, a hard coat 
layer which was embossed to form uneven patterns 8d (non-glare surface), and its size was substantially the same as 
that of the transparent resin plate 3d. 

[0244] In the obtained front panel, the conductive film 5d was exposed on the plane of the front panel on the entire 
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marginal sides of the front panel in a width of about 10 mm. The conductive film 5d overlapped with the conductive 
mesh 4d with being firmly bonded to each other in the regions 13d in which the conductive film 5d overlapped with the 
adhesive film 6d and transparent resin plate 7d. Furthermore, the conductive film Sd was firmly fixed with the transpar- 
ent resin plate 3d. adhesive film 6d and transparent resin plate 7d. 
5 [0245] The conductive mesh 4d was embedded to a depth of about 260 ^m from the mesh side surface in the region 
14d other than the part in which the mesh overlapped with the conductive film 5d. 

[0246] This front panel was attached to PDP with the mesh side facing the PDP while connecting the exposed part of 
the conductive film 5d to a ground potential level. Electromagnetic waves were effectively shielded, and also near-infra- 
red rays emitted from the PDP were sufficiently shielded. In addition, no malfunction happened in the remote control of 
70 electric equipment. 

[0247] When the front panel was allowed to be in contact with the display screen of the PDP. no Newton's ring was 
observed, and the visibility of the PDP screen was good. The viewer side surface had practically good surface hard- 
ness, and was not scratched in the practical use. 

/5 Example 3-d 

[0248] As shown in Fig. 8-d. on the SUS-made mirror finished press plate Id, the non-glare film 20d (with the non- 
glare surface 19d facing upward), the transparent resin plate 17d (with the hard coat layer 16d facing downward), the 
adhesive film 18d . the transparent resin plate 3d. the conductive mesh 4d, the conductive film 5d, the adhesive film 6d. 

20 the transparent resin plate 7d and the non-glare film 9d (with the non-glare surface 8d facing downward) were arranged 
in this order. Finally, the mirror finished press plate lOd was arranged over the members with the mirror finished surface 
1 1d facing downward. The conductive film 5d was arranged so that it overlapped with each of the adhesive film 6d and 
conductive mesh 4d on the entire marginal sides of a front panel in a width of about 5 mm, and folded back beneath the 
transparent resin plate 3d In a width of about 5 mm. Then, the members were heated and pressed at a press tempera- 

2S ture of 1 35°C under a press pressure of 40 kg/cm^ for 20 minutes. Thereafter, the non-glare films 9d, 20d were removed 
to obtain a front panel, as shown in Fig. 9-d. An antistatic agent comprising surfactants (NONDUST manufactured by 
COLCOAT) was applied to both of the mesh side and viewer side surfaces of the front panel. 

[0249] The transparent resin plate 2d was the cast plate of an acrylic resin having near-infrared ray-shielding proper- 
ties and a thickness of 3 mm. 

30 [0250] The transparent resin plate I7d was an acrylic plate having a thickness of 250 ^m, and the hard coat layer 16d 
on its surface was a layer formed by curing an acrylic hard coating agent with UV rays and having a thickness of 4 ^m. 
The size of the plate 17d was substantially the same as that of the transparent resin plate 3d. 

[0251] The conductive mesh 4d consisted of polyester fibers, which were thinly plated with copper and coated with a 
conductive black resin. A mesh size thereof was 90 x 90 mesh, and a fiber diameter thereof was 40 jim. The size of the 

35 conductive mesh 4d was substantially the same as that of the transparent resin plate 3d . 

[0252] The conductive film 5d was an copper tape having a width of 19 mm and a thickness of 15 jim. and cut In a 
suitable length so that it could be placed on the entire marginal sides of the conductive mesh. 
[0253] A part of the conductive film 5d. which overlapped with the adhesive film 6d. was perforated to form 25 holes 
each having a diameter of about 1.0 mm per one square centimeter (cnrf) of the conductive film. The total hole area 

40 was 19.6 % of the whole surface area of the conductive film 5d . 

[0254] The adhesive films 6d. 18d were soft acrylic films (SUNDUREN manufactured by KANEKA CORPORATION) 
having a thickness of 50 ^m. The length and width of the adhesive film 6d were each about 20 mm smaller than those 
of the transparent resin plate 3d. while the size of the adhesive film 18d was substantially the same as that of the trans- 
parent resin plate 3d. 

45 [0255] The transparent resin plate 7d was an acrylic film having a glass transition temperature of 101°C and a thick- 
ness of 125 ^m. and its length and width were each about 20 mm smaller than those of the transparent resin plate 3d . 
[0256] The non-glare films 9d, 20d each consisted of a PET film having a thickness of 1 88 |im carrying, on its surface, 
a hard coat layer which was embossed to form uneven patterns 8d, 19d (non-glare surface), and their size was sub- 
stantially the same as that of the transparent resin plate 3d. 

50 [0257] In the obtained front panel, the conductive film 5d was exposed in the plane of the front panel on the entire 
marginal sides of the front panel in a width of about 10 mm while overlapping with the conductive mesh 4d. The con- 
ductive film 5d overlapped with the conductive mesh 4d with being firmly bonded to each other in the regions 13d in 
which the conductive film 5d overlapped with the adhesive film 6d and transparent resin plate 7d. Furthermore, the con- 
ductive film 5d was firmly fixed with the transparent resin plate 2d. the adhesive film Sd and the transparent resin plate 



[0258] In addition, the conductive film 5d was folded back between the transparent resin plate 3d and the transparent 
resin plate 17d . and thus it was more firmly fixed to the front panel. 

[0259] The conductive mesh 4d was embedded to a depth of about 1 40 ^m from the mesh side surface In the region 
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14d other than the part in which the mesh overlapped with the conductive film 5d. 
[0260] The front panel had a surface resistivity of 8 x 10^° O/square. 

[0261] This front panel was attached to POP with the mesh side facing the PDP while grounding the exposed part of 
the conductive film 5d. Electromagnetic waves were effectively shielded, and also near-infrared rays emitted from the 
5 PDP were sufficiently shielded. Thus, no malfunction happened in the remote control of electric equipment. 

[0262] When the front panel was allowed to be in contact with the display screen of the PDP, no Newton's ring was 
observed, and the visibility of the PDP screen was good. The surface on the viewer side had practically good surface 
hardness, and was not scratched in the practical use. In addition, dusts did not adhere to the front panel in use for a 
long time. 

10 

Comparative Example 1-d 

[0263] As shown in Fig. 10-d, on the SUS-made mirror finished press plate Id, the transparent resin plate 3d. the 
adhesive film 6d. the conductive mesh 4d. the adhesive film gd and the transparent resin plate za were arranged in this 
15 order. Finally, the mirror finished press plate lOd was arranged over the members with the mirror finished surface lid 
facing downward. Then, the members were heated and pressed at a press tenperature of 130°C under a press pres- 
sure of 40 kg/cm^ for 20 minutes to obtain a front panel. 

[0264] The four sides of this front panel were cut by a width of 1 to 4 mm to make them even. Then, the conductive 
paste 22d was applied to the side faces so that it was in contact with the conductive mesh 4d, as shown in Fig. 1 1-d. 

20 [0265] The transparent resin plate 3d was the cast plate of an transparent acrylic resin having a thickness of 3 mm. 
[0266] The adhesive film 6d was a soft acrylic film (SUNDUREN manufactured by KANEKA CORPORATION) having 
a thickness of 50 ^im, and its size was substantially the same as that of the transparent resin plate 3d. 
[0267] The conductive mesh 4d was the same as the conductive mesh used in Exannple 1 -d (manufactured by 
TAKASE METAX; a mesh size: 100 x 100 mesh; a fiber diameter: 40 ^m), and its size was substantially the same as 

25 that of the transparent resin plate 3d . 

[0268] The transparent resin plate Id was an extruded plate of a transparent acrylic resin having a thickness of 1 mm, 
and its size was substantially the same as that of the transparent resin plate 3d. 

[0269] The conductive paste 22d was DOUGHTIGHT D-500 (manufactured by FUJIKURA KASEI Co.. Ltd.). 
[0270] In the obtained front panel, the conductive mesh 4d was embedded to a depth of about 1 mm from the surface 
30 of the transparent resin plate 76. 

[0271] This front panel was attached to PDP while grounding the conductive paste 22d, but electromagnetic waves 
could not effectively be shielded. 

[0272] When the front panel was allowed to be In contact with the display screen of the PDR Newrton's rings were 
observed, and the visibility of the PDP screen was not good. The surface on the viewer side was easily scratched In the 
35 practical use. 

Claims 

1. A front panel for a plasma display panel comprising at least one transparent resin plate and a conductive mesh 
40 placed on said transparent resin plate, wherein a part of the conductive mesh is exposed on the plate in a sheet 

form on at least one side of the marginal surface of the front panel. 

2. A front panel for a plasma display panel according to claim 1 . wherein said conductive mesh is exposed on the plate 
in a sheet form on the four sides of the marginal surface of the front panel. 

45 

3. A front panel for a plasma display panel according to claim 1. which has uneven patterns on at least one side of 
surfaces of the front panel. 

4. A front panel for a plasma display panel according to claim 1 , wherein said conductive mesh Is embedded to a 
50 depth of 0.5 mm or less from either side of surfaces of the front panel. 

5. A front panel for a plasma display panel according to claim 3. wherein said uneven patterns are formed by transfer- 
ring the patterns from an embossing master. 

55 6. A front panel for a plasma display panel according to claim 3. wherein said uneven patterns are formed by transfer- 
ring the uneven patterns from an embossing master, and said embossing master is a film having a surface on which 
uneven patterns are formed. 
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7. A front panel for a plasma display panel according to claim 3, wherein one side of surfaces of the front panel has 
uneven patterns, and the other side carries a hard coat layer. 



8. A front panel for a plasma display panel according to claim 3, which has a hard coat layer on at least one side of 
5 surfaces of the front panel, and uneven patterns are formed on the side having the hard coat layer. 

9. A front panel for a plasma display panel according to claim 1 , which further comprises an intermediate synthetic 
resin plate between said conductive mesh and said transparent resin plate, and a decorative portion between said 
intermediate synthetic resin plate and said transparent resin plate. 

10 

10. A front panel for a plasma display panel according to claim 9. wherein said decorative portion covers the exposed 
part of said conductive mesh. 

1 1 . A front panel for a plasma display panel according to claim 9, wherein said decorative portion is formed by printing. 

15 

12. A front panel for a plasma display panel according to daim 9. which further comprises a conductive film, and said 
decorative portion covers said conductive film. 

1 3. A front panel for a plasma display panel according to daim 1 , which further comprises a conductive film, a part of 
20 which is in contact with said conductive mesh in a sheet form on at least one side of the marginal surface of the 

front panel. 

14. A front panel for a plasma display panel accorcfing to claim 13. wherein said conductive film is perforated. 

25 15. A front panel for a plasma display panel according to claim 1 , wherein said transparent resin plate has properties 
of shielding near-infrared rays. 

16. A front panel for a plasma display panel according to claim 15. wherein said transparent resin plate comprises a 
resin composition comprising a copolymer prepared by copolymerizing a monomer having an unsaturated double 

30 bond and a phosphorus atom-containing monomer, and a compound containing a copper atom. 

1 7. A front panel for a plasma display panel according to claim 1 5, wherein said transparent resin plate contains a dye 
type near-infrared absortjer. 

35 18. A plasma display panel, on the front face thereof, having a front panel comprising at least one transparent resin 
plate and a conductive mesh placed on said transparent resin plate, in which a part of the conductive mesh is 
exposed on the plate in a sheet form on at least one side of the marginal surface of the front panel. 

Amended claims under Art. 19.1 PCT 

40 

r A front panel for a plasma display panel comprising at least one transparent resin plate and a conductive mesh 
placed on said transparent resin plate, wherein a part of the conductive mesh is exposed on the plate in a sheet 
form on at least one side of the marginal surface of the front panel. 

45 2. A front panel for a plasma display panel according to claim 1 . wherein said conductive mesh is exposed on the 
plate in a sheet form on the four sides of the marginal surface of the front panel. 

3. A front panel for a plasma display panel according to claim 1. which has uneven patterns on at least one side of 
surfaces of the front panel. 

so 

4. A front panel for a plasma display panel according to claim 1 , wherein said conductive mesh is embedded to a 
depth of 0.5 mm or less from either side of surfaces of the front panel. 

5. (Amended) A front panel for a plasma display panel according to claim 3 or 19, wherein said uneven patterns are 
55 formed by transferring the patterns from an embossing master. 



6. (Amended) A front panel for a plasma display panel according to claim 3 or 19. wherein said uneven patterns are 
formed by transferring the uneven patterns from an embossing master, and said embossing master is a film having 
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a surface on which uneven patterns are formed. 



7. (Amended) A front panel for a plasma display panel according to claim 3 or 19, wherein one side of surfaces of 
the front panel has uneven patterns, and the other side carries a hard coat layer. 

5 

8. (Amended) A front panel for a plasma display panel according to claim 3 or 19. which has a hard coat layer on 
at least one side of surfaces of the front panel, and uneven patterns are formed on the side having the hard coat 
layer. 

10 9. A front panel for a plasma display panel according to claim 1 , which further comprises an intermediate synthetic 
resin plate between said conductive mesh and said transparent resin plate, and a decorative portion between said 
intermediate synthetic resin plate and said transparent resin plate. 

10. A front panel for a plasma display panel according to claim 9, wherein said decorative portion covers the 
15 exposed part of said conductive mesh. 

1 1 . A front panel for a plasma display panel according to claim 9, wherein said decorative portion is formed by print- 
ing. 

20 12. A front panel for a plasma display panel according to claim 9. which further comprises a conductive film, and 
said decorative portion covers said conductive film. 

13. A front panel for a plasma display panel according to claim 1 , which further comprises a conductive film, a part 
of which is in contact with said conductive mesh in a sheet form on at least one side of the marginal surface of the 

25 front panel. 

14. A front panel for a plasma display panel according to claim 13. wherein said conductive film is perforated. 

15. A front panel for a plasma display panel according to claim 1 . wherein said transparent resin plate has proper- 
30 ties of shielding near-infrared rays. 

16. A front panel for a plasma display panel according to claim 15, wherein said transparent resin plate comprises 
a resin composition comprising a copolymer prepared by copolymerizing a monomer having an unsaturated double 
bond and a phosphorus atom-containing monomer, and a compound containing a copper atom. 

35 

17. A front panel for a plasma display panel according to claim 15, wherein said transparent resin plate contains a 
dye type near-infrared absorber. 

18. A plasma display panel, on the front face thereof, having a front panel comprising at least one transparent resin 
40 plate and a conductive mesh placed on said transparent resin plate, in which a part of the conductive mesh is 

exposed on the plate In a sheet form on at least one side of the marginal surface of the front panel. 

19. (New) A front panel for a plasma display panel according to claim 3, wherein said uneven pattern has Average 
Spacing of Roughness peaks in a range between 3 and 500 ^m, and Ten point height of irregularities in a range 

45 between 1 and 20 pm. 
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